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ABSlTflACT 

• f * . 

WMtt ammv^ «« iMwpit Itt flol«no«^ Ti««a« ««a mty magern imf fuaetlixw. 
SMy oM IPaetictt M iUMi; «• xwbtforolimt^ or tm «xmv^. Pit two ItuOitt 
rtporM Hoftf im ooNotriiid tbi tCftct two troftrtltt of riMmOM Tmm 
on tlbto* fimetioiii ixi IttooMi botl^Md to tttcA oonetstt. Cot jrofftrty con- 
otrtMi tl» rttOifft of vimitlti ttit otter tte littrttetit vltli wiiioh ttey rtirt-^ 

iMMVb dlMlIMifeJi 

jt^, 3 l » A eowatritett of liwt mH taimtte ^^fwnttrtU 

fm teirntt te wto wr ^ out on temowUl't and out on Arcbteedet* Bdncl- 

9te> wtro prop' ww d for tite^ «rtter«* For totb Itttim^ltTO tod animttd vtr- 
•loMi of tte rimmX d (M wn i tr>t j r,aiia wtro proporod for toiorition proioatatioii. 
WmM. iMMtertnMiite isit wm. aordUilljr ititmd3ctd witb o toif-pMsod vtrtel p rogr— 
.aOMrite tte Mte ooMopte tod prlooiptei* tepiteteit t o am t t to controot tte 
aiwt ote imliittod f o r aii a t of tte idLouil temotrittote inelutedt* 
tte MOf •ptood twM. frocrote, tohio w ii at data tettd on tte vitmX and mbol 
j r o g w a i /aad «ya«tlQtealra data eonstmliig tte intorett value and erodibility of 



• 

llo atenlfiotet difftmioaa in achloviaent wart found tetwean tte croupe racelvitic 
rodliatdlo and non-raaliatio vlaual praitatationa. On ttee-to-coaplata tte atlf- 
paoad verbal procraa and on Oteationnaire lt«Mi raqalring atudante to indlcata 
ttelr Xitel of intaraat In dolac ^ esqptrtinnta ttey ted aaan or to predict 
wliat tte outooMHi weuld ba If ttey did ttePf there were aignifioant dtffaranoaa 
. between realletlc and non*raallstle traatnant croupe. But tte direction of tte 
differenoe depended on tte Intultivenaae or laallierity of tte Xeeeon content. 

Pie evente lUuetratlnc baXeaoed foroae neede d to underataad dreblsidee* Brlncl** 
pit are intuitive. Pie eventa UXuatratins Bernoulli 'a Brinolpile (a.c*> 

candle IXenea bendinc toward viovliic air) are non«lntuitive. Bhile ttere were 
aiaea bXe differeneea on gueetioeealre Iteiii between Intuitive and non-lntultlve 
deenoitratlona^ tte dlffareneaa b at wea n raeOletie and non*>realiatlo voraloiie 
depended on (l.e.^ interacted with) tte intuitlveneee of tte naterial» Pia noet 
conatatent interaotion obtained appeara to support tte suMOiry eonclueion ebown 
in tte followinc figure* 

live aniaated 



intuitive 






fuiuK«''inierBo 

in tryinc 

aiQpriJeente 


Iniertei 

durlnc 

ji'eaenl eti j m 


Intaraet 

preientation 


future Intaraet 
in trying 
eapariPints 



Beaulta mem Interpreted to naan ttet wten tte outeonaa ef anyerteenta are intuit 
tlve. aaaina tten live reanlta In nera iittareat In wnntiine to t ry eiMni tibm viien 

111 Am MilMiliiMlA hiMflnMPn iMMlXiril In 

^_ jBe iateitdve, it la 

% JPvF. weralan pp '— fs to 
te^w better 



iepadiPta ietereet dMfdbec tee 
eMnetjiee Bar ee teat eBipefa 
pp ooBeree ia tree far 
be w0m iBi 

Bla to I itafpiP .idttPBilK 
aepMi- in ’ iNlQiliMM 

jWB* BB^^WWWea* JWB^BBT vBBa 





-ilteiNtteBMdtdce 




outco«e> my buy# m iMBBmmd cmpmoity to jrovidi cqirflriiiitlott tor rmpotmea 
(MtaOmt srodletloiui) . Ttm tfomraX eomlm^ ibcmSnSSmW[k 9My it ttet 
visml dMOMtratlont mtv* iMX m iHimgaiB (to Ittilitot* eomrpt 

ac<iultitloKi) ttethtr tliij «r« Itvo or tkiiattoA* Hit of Uyt or 

ttilBntttd tytntt to coitfirii rttpooMt (prtdlotloiit or proliiMi tolotioiit) or to 
TMlofavo^ diPMito on tiMi of IAmi ciMiitSt 

Study 2 - A copptriton odt dlrtct ma Indirtct iifippaatt . 

Two ttptrttt ItttoMi oiMi on *limt taA Moiteuite ■oyttnt** tnd out on **turftce 
ttutloQ** iHirt loroPCMiiPSi for tiohth miidtrt* Tuo yttrtlont of ttoli y^ttitl Ittitoa 
tort irtitrpd. Xki out vtrtloii ail tlw ttppltt uttd di?!^t3iy illuttratad tlit 
eonctpb to bt tt«#it (••!•> litlti^ ratmJLXy tltriiildUig); & Vm ttoooA yartiop 

Hi (KBIMSiXjSB 11MM& JjtAjLX'MCldkir «LXXllK*(V(kt%(l^^ lilMl OODEMMrtfl ibbfti# iJIa ]fMlu3j1#S tup 
ttautnott Ptrt tbct^ 'iw^bi^^ tha tlMticMtiia tbtPitlTtiir ft#p«* br it tltt of a 
txruth eliagiiic topithtr ilNft tai m a raaolt of tba tandaaey of llpiidt to shrink) . 
Hm Titual lattoot tara tham on if anl aac35i daaow unit tat tarialiar iatar- 

Kticad iritb a oalf-paead varbal profraa oom*ins tba taat ooacaptt and pritiBiplat. 
Dapaodant aaacurat titad to coatratt tba affactivanatt of tbi diraot aad iaduiaet 
vartiont 'tnoludad; arrort on both visual and varbal prograai> tiPB*to«coa|lata 
tba varbal prograa (that alimara followad a vitual dtaonttratioa), and aobiavaHiiit 
raaulta. 



Significant diffarancat in error ratat vara obtainad bataaan traataanta^ but, 
tinoa tba overall error amtat tara to lop (latt than tan per cant) it tat con- 
Ciudad that tba diffarancat tara of negligible practical inportanea. ‘Qtnerally^ 
other diffarancat obtainad tara not tignifioant* 

TO account for theta findlngt an analytla tat nada of the proptrtlaa of vitual 
exanpLet that appaar to InfLuanca tbtlr capacity to fottar ratponta gonaralltatlon 
(coocapt acqnltltlon) . The propartiat Idantlflad included: (a) the convarganca 

or divargenca of tba tuparficiali ttructural propartiat (phytical obaractarittict) 
of axaaq^lat and tbalr functiootl (conceptual) cbtraetaritticti for direct axiapJat 
they coincide; in indirect axaaplat they divarga and for ratponta ganaralization 
to occur to tba functional propartiat^ a connactlon nutt bt attiblittaad battaan 
the structural and functional proptrtitt; (tbit difftranet battaan direct and 
indlract tuggtttt an liqportant r<^ for aniiiationi nwttlyi pratanting directly 
(in anlnation) that it otbtrwlta unobtarvabla in nature and could only be rapra- 
santad Indirectly, through obtarvablt outoontt or affaott); (b) tba dtgrta of 
sijailarity anong axtnplati for ratponta ganaraliiation to occuTi ttudmott nutt 
be able to raoOgnlta tba ralavtat tinilarltiat altbin a tarlat of axtapltt; and 
(c) availability of nadiating varbal ratpontat to tba vitual avantti it it likely 
to bt tbt cate that bf ttnt of nadlating vtrbtl retpontat that ralavtnt tini- 
larltiat atong vitual avantt are nora easily racognlstd and tba conniction battaan 
ttructural and functional proptrtitt atttPbUtbtd; tbt nort readily aviiltblt tucb 
nadlatlng ratpontat trtj the latt difttaranca# at battaan direct wd inliraat 
OIMI Mlitliit icnMMlii lio Had la tlM oiUMi ocf xviooiiM # 

iT%f sariet of danaattratiant uaad la tbit atudv. both direct and lndiraot« anoaar 
to bavi pottattad a biiRi dagraa of intamil ahtilarity* Ridlatlng varbal ratpontat 
to tba vitual airiipl,at art lilMly to baiva beta at higi atrangfeb. ttda any account 
for am nogativa fiadiagt of tbit ttiaiy but ainaa »a aaaturt of altbar variabla 
tat availnblti tbit oanaot ba atatad titb e an fli aBi i * 2t dote BeRgMit# bcwavari 
that, naaturat for tucb viridblat, altbongi difficult to ia g l BW Bt , art likely 
to ba naodad for further retearah on tba role of vioml ei — wOet in toaabiiig 0 QHr 
eaptt and principlei* 



OBNBRALIN^^ 



taii tlMkt piAtotUX mitriOf wO^t tevc • vnifut «nd •£r#etlv« 

roa* to p]aar in odiumtioo Iim hua » ptrt&ouajurar ootetiire ffai* o^Nkw* 

toj?# fti vtU M audio*iri»iiiX iptoltllsto* Umi onthiislattlo oonriattoii tlmt 
m pleturt ii vortli 4 thooMiiA vordt htm lioiMvtr olMrly outdistmod thi 
roddtvoli to diMoiuitmto that it is to. A«d It it 1 « indiod «o, rtMoreb 
vomatt Tmm tWind to Idtntiiy <y»tifitiii.ny boir thu mx 1 » aiibt bo 
«lvrosrl 4 to 2 y liq^aoMtod. tfo yoroybrnM 4 pot^bopo loot moioot ooyiDt 
0 ? 4 tb«r oliot Immi btoo n ot d t d for oomo tUio it 4 Uttlo ooro roooreb 

Olid 4 littli lOM iMiopportfd prolao for plotoroo. 

XiCMkliig 4t tbo rotoorob tb4t boo boon dooo, it io oooy to ooO| 4i ro- 
rSAimetB bpotOdlbK (195^) oad AUoii (196O) boto pointod out, tbot tbo bulk 

ft 

of thft rtftoorob on piotorlol illuotzmtloiii boi coiiBoniod Itoolf wltb tbo 
lyoftiooaoft of obildrta ond odulto for irorlouo typoo of pictur«4. 3bvootiflo- 
tlowi by ItooMir (i960), Bou ( 1953 )# Itoaob ( 1952 ), Ulllftr (1936), ond 
Rudlftlll (1952) bKft boon oonotmid wltb yrftfftroBcoft for: pjUiturftft in odor 
v«. in blook and vbitoi oinplo va, ooftploK droringoj pbotogropba vt* H"* 
droiilnioi rooliotio yo* non^vooliotio drmvinftt; ond varioua ootfbinotions of 
tbo OboYi diMnaiona. Bazdy in atudi«a of tbia kind la it noda axpliclt 
vbot Inatruotioiial outcoMt art «:qpaet«d aa 4 raadt of yariationa in tbaaa 
dinmiona. ia oolor auppoaod to wmm intaraat or to fooilltota undaratandincT 
Will partiodar raaponara ba ouad battar by a raallatic than by 4 non- 
rt U atin praaantationt Oblaaa it ia nada axpUcit iibat funotion pietiiraa, 
in idiiobavar fuiaa, art axpaotad to aoooaqpliah, it ia uaolaar abat tba non- 
aadnanoa of uaing an unprtfarrad typa of piotura ratbar than a prafarr a d 
tma aoald ba or vloa varaa* 

3ba inplioationa that aapi tor und ar lia prafaa^nca-raaaaroh ara that aona 
typa% of pioturaa irill ba laaa auooaaafol in arouaixit intaraat or in boldlnt 
attantion or, parbapa, aa a raault of tbia alfaot laid auaoaaafd la iinarat- 
iac andarataadini. fttodiaa l i n kin< dinanaiooi of pioturaa aitb intaraat, 
a*i«, li aotaft n and imard (1993)^ or aitb Maaanraa.of tMdtratandiaii a»i*, 
l oaiafto a and layant (i960), Hoaanatain and , 1961, and Bprntmxm (1956) 
ara fair in n w ftar # Moraoaar, thata atndlaa ao wall aa otbara in aniiCHiriaval 



•rmsf iMeaia* tbcy alao IWl to taratlty isaetfltt tiMtruBtlaat]. rolsa for 
ptoturai, toto {raduoad rasulto at lialtad ctnanliMblllty for plcturaa. 

^ ' ‘ % ^ ' 

ilCTlirf tK) aw#»gch Btiiulf on Pletorlia |>r«iantatlo^ 

la. OOHM3Q with otfatr rwiMroh trwfui^ 8tn«rftlij»tloii of roiults ftom 
roB^arcb ott pictorial srcacntatloni Ip contlhgcnt oii iceb oaMplicg conaldcr- 
atloiic «• the itlcotloii of! aift^cetoi Itacon toplccj or Icamltag talks, 
fhera la tha 4teocir of rasolti halag apaclflo to a particular agt or rafar- 
anca iroupa, to a particular laaaoo or pTograa^ or to a particular v^»l4 of 
lacmlnc taika lihara la alao tha avar-praaant prohlaa of how to gaotrallza 
froa a cootrollad lal>oratory atud^r to aora practical appjllcatlooa or froa 
tha Inatructlooal procaaa in ona. clOhal flaW atuOy to another. Aa tha 
ravlaw of aueh atuAlaa hy fravmrm ( 196 %) aakaa elmr, raaaarch on pictorial 
aatarlala haa Iturdvad both laboratory type and field type atuiiaa. !Oiua> 
tha faalllar dlfflcultlaa In fanaraUajUii; are fait hara too* 

«ia problaaa of fanarallaatlon acroaa laboratory and field atudlaa la 
not, bcmfwr, aiaply a aattar of praolaloo of akparlaantal control In tha 
ona and not In tha other. tAilla It la true that the aora globalu field 
atudlaa (by definition} rapraaant an analaa n of variablas, contrOllad a3qptrl» 
nanta can be dona within thalr fraaawork. tiiat la raqulrad la tha careful 
preparation of Inatructional natarlala ao that it la poaaibla to specify 
tha praclaa Inatructional rcOa aaoh portion of a total laaaon or audio- 
vlaual praaautatlon la axpactad to play* neaaarch can than fooua Oh apaolfic 
roles and on the capacity of apaclflc dlnanalona of pictorial aatarlala In 
fulfilling than* 



yunctlona of Pictorial Matariala 



in raaponaa oriantad varalooa of pronraaeMd Inatruetlon^ one ra^ulro-^ 
nant in preparltK each aagaan'^^ of an Inatructional aa^uanoa la tha praclaa 
identification of atlauU under whoea control raaponeaa are to be brought 
and how auch raaponaa control la to be produced. Appliad to audio-visual 
Kssantatlona the prosraanlai approioh ragniraa alallar Idantlfioatiott of 
;tha rtOMf or ridai# i^uala 

In' Ihiriuisjida^ tfwwtt INw^poiiaa control. 
Biwd' on'iTMWA mfjiirlmoi "bi irh || fri & ij i d ' flwapw 

C9^3i xgifaf 33/6) Im imarUmt pmrUm fmMtm riMmim «m tomu. to 



trlngliig ttlKntb cosxtf(^« !Cte two "gtiimxy dTtiiKitjLotui tboy cftn ftdLfilX 

«re ftB eriterloii «f «• In the they are 

the atlttuli tttaw? whoee eontroai reii;poheee are to he brought. In the latter* 
caee^. they already jjioeieie reeponee control and are ueedj^ in an inetrunental 
vay> to cuF^'roep^^s ao that control can he tranaferred to atiil other 
atlaniii, generally veThal atlaull. Within thla prlnary iTanework^ vleual 
or pictorial aaterlala can he need to cue reaponaea; to reinforce reaponsea, 
or to aerve aa exanplea aa. a laaana of facilitating reaponae generallaation 
(that ia, acqulaition of concepts), yor theae varloua roles, it la acne- 
tlaea j^alhle to chooae between words or pictures, in hia aioat recent 
zaport, dropper ( 19 ^) has auggeated aom instructional strategy consldera- 
tlona in opting for pictures. Iheae Include the facilitation of 
ease: (a) for students of leaser ability (either due to prior experience 
or age conalderutlonj); (b) for all students when aaterial la particularly 
coaq^, and (c) for aaterial presented early in the acquisition stage. 

2h any of these situations, the greater ease of learning fro« pictures nay 
he capitalized upon to aeet the response readiness of the learner. 

ftr specifying the funetlona Tleuals are to pOay at each and every seg- 
■ent of en instructlonel aequence (whether ae contexts, or cues, or rsiponse 
options, or conflrmtlon) it Is possible to ascertain how well visuals serve 
those functions. Dhllke global, end-of -lesson eviauatlons, Identification 
of Spec to, loceljtzed functions can provide analytic end perhapw iKxre . 
gMicrelisahle answira to traditional research questlona ejqplored In audlo- 
vleual inatruction. Ibus, on the Issue of, for exsupOLe, color vs. black 
and White, an entire lesson In either fora would not be conpered on a global 
heels with a coiqparahla lesson In the other fora, fdiile this is a legltl- 
rate approach to the probleai, the results ere likely to be relatively 
undifferentiated (as to why one fora should be better then the other) and 
hsnoe not ae gtnsrallsahle ae one Might wish. On the other hand, evidence 
that color stinuH or black and white stiauU serve well as cuss or as con- 
firratlon at psrtlcular points In a lesson can produce acre specific, 
analytic, and gsoer e l ls a b l e ecneluslons. Dy specifying functions visuals 
are expected to play, even aa applied study can begin to approach th< tight- 
ness of a laboratory study and as a result to aske the process of generallz- 
ing easier. 
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A 



ME3THOD 



The purpose of this study is two-fold: (1) to determine whether con- 

cepts and principles are learned as well fi-om non-realistically presented 
exan^les (science demonstrations) as from the same exan^es presented re^- 
istically; and (2) to determine whether there are differential effects of 
a CCTifirmatlon seq.uence presented either realistically or non-realistically. 
Stated as hypotheses: (l) there appears to he little theoretical ground 

to expect differential effects on concept acquisition contingent on the 
realism or n<xi -realism of a series of demonstration examples j (2) since 

the credihility of a realistically presented example is apt to he greater 
than for a non-realistically presented example^ their confirmation value 
may he expected to differ. 

Design of Experiment 

gidependent variahles . - Two lessons were prepared for presentation 
on televlsi(»i; one covered Archimedes' Erinciple, the other Bernoulli's 
Principle. Each of the two lessons was prepared in two versions: a real- 

istic version consisting of live (on TV tape), tahle-top demonstrations 
illustrating the concepts and principles to he learned; and a non-realistic 
version of the same demonstration presented in animation (transcribed to 
TV tape). Each lesson was segmented into several flxed-paced TV units, and 
units were serially intermixed with a verbal self-paced unit covering the 
same material as was covered in the preceding flxed-paced visual unit. 

This arrangement is summarized in Figure 1, on page 6. 

!Qie primary Independent variable, as can he seen from the table, is the 
realism of the presentation. using two lessons, a second variable was 
studied, the intuitiveness of the jtoenomena demonstrated. The relationship 
of balanced and unbala n ced forces to motion (in preliminary explanation of 
Archimedes' Principle) is in keeping with the prior history of 

eighth grade students. Phenomena covered by Bernoulli's Principle (to be 
described below) are not. Thus, demonstrations in keeping with experience 
(intuitive) could be contrasted with those that are in conflict with or 
coimter to experience (non-lntuitive). It is recognized, of coiurse, that 
\diile the comparison of realistic vs. non-realistic versions, based as they 
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are on the same content, permits generalizations to be drawn, the coa^erison 
of intuitive vs» non-intuitive does not* Ihe latter comparisoz^ is contingent 
on the particular lesson chosen and hence results are more limited as to 
their generallzabillty. 

Independent variables and the design of the eaqgeriment may be summarized 
as follows : 



I 



Group I 

realistic 

intuitive 

demonstration 



Group II 



non-reallstic 

intuitive 

demonstration 



non-reallstic 

non-intuitive 

demonstration 



realistic 

non-intuitive 

demonstration 



Dependent variables * - Dependent variables consisted of such 
measures as time-to-complete self-paced verbal programs, errors on programs, 
and achievement tests* Ihey also consisted of scores on attitude scales 
relating to the interest level and credibility of the demonstrations seen* 
(All of these measures will be described in more detail below*) 



Procedures 



Ohe schedule that follows was adhered to by all participating classes, 
with minor variations in timing to allow for ongoing or previously scheduled 
activities in the schools* 



Week 1 - in the schools: 



(1) Administration of pretests* 

(2) Administration of a program on 
"Learning From a Program*" 






Week 2 - in the schools: 



(l) Administration of a preliminary program on 
"Force and Motion" (concepts necessary to 
an understanding of the experimental programs)* 
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tfeek 4 - in th« itudloM of uo ien* 

(1) SlimiltaneouB adnlnlstratlon of two versions of 

each experlnental program on 2V tape: (a) 

balanced forces and Archimedes' Brlncinles and 
Bernoulli's JPrinciple. ana 

(2) Administration of the Identical self-paced 
verbal programs on the same topics serleOly 
Intermixed with portions of the 3V presentation. 

(3) Administration of an Immediate posttest a 
questionnaire . 

Week 6 - In the schools ! 

(1) Administration of a retention test (identical with 
the original test). 

Experimental MaterieiB 

Instructional materials developed for this study Included two pre- 
^xperlroental programs administered In the schools and two experiment 
programs administered over closed-circuit 3V In the studios of WQID an d 
(simultaneously) in a banquet room of an adjacent hotel. 

B^e-^perimental materials . - Ohe two programs administered before the 
conduct of the main experiment were designed to fulfill two different func- 
tions. One, entitled "Learning From a Program" was designed, as Its title 
suggests, to familiarize participating subjects with the mechanics of going 
through a program and of profiting from a program. Ohe program tries to 
encourage students to produce a response before looking at the confirmation 
frame or, stated less delicately, not to cheat, mis program Is reproduced 
In Appendix A, page 44. !Ehe second pre -experimental program deals with 
concepts of "force" and "motion" both of which are necessary prior concepts 
for understanding the content of the main experimental programs. !Ihus, In 
addition to providing extra familiarization with "programs," the program 
served to bring participating subjects up to a coonon level of prior knowl- 
edge. Ohe "force and motion" program Is reproduced In Appendix A, page 49. 

Both preliminary programs, as well as both self-paced verbal programs 
used In the main experiment, were prepared In the RBP style of prograanlng 
developed by Cropper (1965b). Briefly, this type of program requires the 



production or ccnstructlon odf reiponoeB only after the student has edited 
lesson naterlal (leaving key sections of lessons unchanged If they are 
correct or changing them If they are Incorrect). Editing responses In turn 
are required only after recognition responses are made. She sequence recog- 
nition, editing, and production Is designed to match the response readiness 
of the learner at different stages of learning, other features of this style 
of prograamlng (some of which are held In common with other s-tyles of program 
nlng) are: the acquisition of discriminations throu^ the selection of 
multiple-choice options; the acquisition of generalizations throu^ multiple 
and varied exanqples; the use of nake-up-a-sentence type production frames In 
which students may be eiqpected to produce elements of stimulus contexts, 
responses, or both; and the requirement of long, complex, verbal responses. 

A fuller description of the rationale for this style of programming Is pre- 
sented In programmed form In the citation made above (Oropper, 1965 b). 

Main experime ntal materials . - Two lessons were prepared for study, 
one on Bernoulli's Principle, -toe other on balanced forces and their 
application to Archimedes* Principle. Each lesson consisted of Individual 
segments made up of flxed-paced demonstrations serially Intennlxed with 
self-paced verbal materials. Each demonstration segotent and the self-paced, 
verbal segment that followed It covered the same concepts and principles, 
ahe demonstration segments, prepared for showing on IIV, were designed to 
teach concepts and principles through discrimination practice with concrete 
events. Words used during the demonstration only described the events (In 
concrete terms) and did not explain them. The concept . of balanced forces, 
for example, was acquired by students as they practiced iwtvirig discrimina- 
tions about the alternative consequences of attaching an equal or unequal 
number of weights to a model truck* that moved on a fixed platform. Or, in 
the lesson on Bernoulli's Principle, students prcustlced tnnV;iTig discrimina- 
tions about alternative effects of moving air or still air on candle flames, 
paper held In a horizontal position, etc. Not only were the stimulus 
materials (examples) that were used for concept acquisition concrete, but 
response options were also concrete, 1. e., pictorial options rather than 
words. Response booklets containing the pictorial options for both programs 
appear In Appendix A, starting on pages 22 and 26. Obis style of programming 
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WM developed by Gb^opper (196^). Both verbal progrcuaB ore reproduced In 
their entirety in Appendix k, etartlng on pogea 1 and 12. 



Qie d e awaatration aegnenta of the two leaaona were prepared in two foma* 
Oho live veralon waa reproduced on TV tape in the otudloa of MQED. An ani- 
mated veraloQ ualng the identical aound track waa alao prepared* With a 
klneacppe of the taped veraion at hand, the animated veraion waa dealgced 
to reproduce in aa non-atyllzed faahlon aa poaalble the aame denonatratlona 
(contalnliig aa nesrly «U3 poBalble the aame amount of complexity of atlimiluB 
materlala). 

Before the demonatrationa were recorded on TV tape, they were tried out 
live with BtibjectB talwn from the target population (the eic^th grade)* 

Obey were revlaed until error ratca (on vlaual anawer bookleta were low, 
approximately 10 per cent)* Verbal programa were alao tried out and revlaed 
in almilar fashion* 

Dependent Meaaurea 

Qie achievement teata and the gueationnalre forma uaed in thio atudy are 
reproduced in Appendix A, etartlng on pages 29, 31, and 34* 3he dependent 
measure, tlme-to-complete the self-paced materials was obtained for each 
verbal aegnent by proctors ^dio monitored students' work* !Ehe flxed- 

]?aced demonstration did not begin until all students completed the self- 
paced programs * 

Sub.lecta 

Ohree eighth grade classes participated in this study, two from a 
BLttsbin'gh Barochlal School and ode from a PLttsburfidi City School* Students 
from each class were assigned at random to each of the two treatment condi- 
tions* 



RESULTS 






Matching Measures 

At the completion of the experiment, students who had been asei^ed at 
random to experimental treatments were matched for IQ and Work Bate on pre- 
experimental programs. Only matched cases were selected for the analysis 
of data, so that the variables IQ and Work Bate could be treated as inde- 
pendent variables, each at two levels. !lhere resulted a 2x2x2 design for 
data analysis, representing two levels each of IQ and Work Bate and the 
two experimentally manipulated conditions (live vs. animated presentations). 
Ihe results of the matching procedure are summarized in Uteible 1, \diich is 
based on seven cases per cell, for a total of 56 cases. 

ITable 1 

Besults of Procedures for 
Matching Subjects Across Conditions’*' 



GBXm2 







Aolmated: 

Llvs: 


Bernoulli *8 Frlnclple 
Archimedes' Prlnclide 


Live: 

Animated: 


Bernoulli's Rrlnclple 
Archimedes' ErlUGlnia 


Hl’IQ 


Fast 

Slow 


Si 

121 

121 


Bretest 

10 

9 


Work Rate'*^ 
27 
22 


120 

120 


i 

Z^etest 

9 

9 


Hbrk Rate++ 
26 
22 


Lo m 


Fisst 

Slow 


107 

108 


7 

8 


27 

22 


109 

109 


6 

7 


26 

22 



reported aB means; ■*^tlm#-to-coraplete in minutes 



I& shows that there was a separati9n of approximately 11 IQ points between 
high and low IQ groups . Obis difference was statistically significant at 
the .CX)1 level, as shown in Table 1 in Appendix A, page 56. Table 1, both 
in the text and in the Appendix also, shows that there was not a significant 
difference in IQ either between experimental treatments or between Work Bate 
levels . Similar results can be found in text Table 1 for Work Bate and in 
Appendix Table 2 . East and slow levels were significantly different on 
Work Bate at the .001 level. No significant differences were found for 
Work Bate between the remaining cells of the desl^. Teible 1 also records 



H- 



Breteot scbres for each of the elg^t experimental cells. Appendix Table 2 
records, as mig^t be expected In advance, a significant difference in Pre- 
test scores between high and low IQ levels. Differences in Pretesi? scores 
between other cells were not significant. 

Dependent Measures 

The results of this study are organized and reported ]under several heeid- 
iaga. Each heading will concern either a measure of achievement or a measure 
obtained from the questionnaire administered after both lessons were presented. 

A. Achievement Measures 

(1) recall of demonstration outcomes . - At the conclusion of the 
two lessons (on Bernoulli's Principle and Archimedes' Principle) a question- 
naire was distributed to each subject (reproduced in its entirety in Appendix 

A, fltartlng on page 34). Five questions were asked about each of ten 
demonstrations. Each of the five questions appeared on a form labeled A, 

B, C, D, and £. Form B required the subject to indicate idiat lAe outcome 
was for each of ten demonstrations he had seen. The stem was presented in 
pictorial terms and the options (possible outcomes) were also presented Su 
pictorial form as Illustrated in Figure 2 below. 



Which wiy' did each of tha following axparlaanta turn out? Put an X 
next to the picture which shows which way It turned out. 



It turned out it turned out 

ma_ way. this wav. 



blowing air past candle 





Fig. 2. Sample item from Form B of the questionnaire administered to 
participating subjects. 
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Table 2, containing reeults obtained from Form B, contrasts the real- 
istic and non-realistic versions of the sane demonstration. This coo^arison 
is made separately for the intuitive and non-intuitive demonstrations. As 
can be noted in the table, for neither the intuitive nor the non-lntultlve 
demonstrations was there a significant difference between realistic and 
non-realistic versions in the percentage of correctly recalled outcomes. 

In general, 95 per cent of all demonstration outcomes were correctly 
recalled. 



Table 2 

percentages of Correctly Recalled Outcomes for 
Realistic and Non-Realistic Versions of Demonstrations 





all 

denoratratlona 


correct 




9 ^ 1 


Incorrect 




% 








#of 

responsei 


1 


1 650 1 



Intuitive 

Dewonetratlona 

reallet lc non-raiOlstlc 




Mon-Intultlve 

DMwnetratloni 

realletlc nop»realletlc 

Sli 99jt 

— 

I00J( lOpK 



18^ 

df>l, AO>P>.^ 




IB? lllO 

[x^.2.3, dfid, £ 0 > P>.lo| 



Table 3 regroups the data of Table 2 in order to conpare the intuitive 
and non-intuitive demonstratioM . This coHqparison is made separately fcr 
the realistic and non-realistic versions. Ih both versions, the outcomes 
of the n<ai-intuitive demonstrations were recalled correctly more ctften the 
the outcomes of the intuitive. The differences between intuitive and non- 
intuitive outcomes, although small, were statistically significant la both 
analyses as simmarized in Table 3 , page lif. 
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^ble 3 

PercentageB of Correctly Recalled OutcomeB for 
Int^iltlve and Non-Intultlve Demonstrations 



•n 

dMKMMtrmtlOlUI 



Realittle 

PfoiMitr«tion» 

intuitive non-lntultlvtt 



conrtet 1 


1 ^ 1 


1 9^ 




InCQXTtCt 


1 ^ 








l(X3i 


— 

imft 


100]( 


#ct 1 

rtspontit 


1 5^ 1 


1 140 


185 






1 y?nk,l, df-1, 


.05>i» >.oa 



Non-Realletlc 

Deaonotr«tlons 



intuitive 


non-lntultivtt 




99f> 


-5 




lOOjt 


100^ 


185 


lt(0 


1 df-i, p < .01 1 



(2) achleveiaent test reeults , - Achievement test resnlts parallel 
those Just described for recall of demonstration outcomes . Althou^' there 
are differences between means for realistic and non-realistic treatments^ 
as shown in ^ble k, for neither the intuitive nor the non-lntultive demon- 
stratlonB were these differences significant. Complete analysis of variance 
results for these comparisons are presented in Tables 4 to 7 in Appendix Ao 



Table 4 

Bamedlate and Delayed Achievement Test Scores 
for each of Ti/o Lessons Presented both 
Realistically and Non-ReallstlcaHy 





Intuitlv* 

ArchlMd«f* :^incipl« 




Xon-Intultlvf 
Birnouiii'n irinclplt'^ 




InMdlftt* Iteft 
Mhuh 8. D. 


Dtli^rtd Tift 

‘Sfeaa p* 


1 


XfMdint* Tift 
Mfn 3. D. 


Dflayfd Tift 

MHUft a. p. 


rMOlntie 


15.6 (8.0) 


13.9 (2.6) 


■ 


10.3 (5.0) 


7.9 (5.T) 


non-rMllntlo 


(3.8) 


13.V (3.6) 


■ 


12.4 (4.7) 


9.7 (5.7) 


•nalyfin of 
dilToronctf 


F-3.79 

df«l/48 


fm.k 

df-a/ii8 ! 


■ 


1 p-a.7 

1 df-l/48 


r*2.,7 

df«!l/48 



|K>tiil?lv point! B ^^totel poiiikl! points « 22 




( 3 ) york rate * - Following an intuitive or a non-intuitlve demon- 
stration se^aent presented either in realistic or non-reallstlc form, all 
students went throu^ the Identical self-paced verbal program (covering the 
same concepts Illustrated by the demonstrations). Mme-to-complete each 



segments resulted in a work rate score for each participating subject. 

The work rate scores of subjects idio had watched the realistic demonstration 
wore then conquered with those of stiidents who had watched the non-reallstlc 
demonstrations. This comparison for both the Intuitive and non-lntultive 
demonstrations is summarized in Ohble 5. 



As can be noted in the table, significant differences between treat- 
ments resiilted. Ihe direction of the differences varied, however, as be- 



Prlnclple. For the "Intuitive" lesson on Archimedes' Pr inc ip le , the 
animated or non-reallstlc version of the demonstrations resulted in shorter 
completion tiaes on the subsequent self-paced verbal program. For the 
"non-intuitlve" lesson on Bernoulli's Erinclple, the live or realistic 
version resulted in shorter completion times. The analysis of variance 
summaries for these comparisons are presented in Tables 8 and 9 In 
Appendix A. 



se0Bent was recorded for every student. The sum of such scores for all 



Ohble 9 



A Comparison of - Work Rate Means on Self-I^ed Erograms 
for (ko^ps Which Had Previously Watched either a Realistic 
or Non-Reallstlc Demonstration 
(in minutes) 



Intuitive 

Archimedes' Rrinclple 
Mean S. D. 




Non*Intuitive 
Bernoulli's Principle 

Mean S. D. 



realistic 

non-reallstlc 



(3.0) 
32.2 (4.0) 



25.1 (2.9) 
30.0 (5.6) 



sonlysls of 
differences 



P-6.03* 

dfal/48 




P-18.7<hh» 

df-l/i»8 



slgnifioane* IcvSls: • • ••• - 



tween the lesson on Archimedes' Principle ^ the lesson on Bernoulli's 
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B» Questionnaire Data 



TWO Item types vere enqployed iM the questionnaire administered at the * 
cosqpletlcm of the entire experiments One type of. item was intended to assess 
the "interest** value of Identical demonstrations presented either in realistic 
or non-reallstlc versions. Olie other item type vas Intended to assess the 
*!credibllity" of the demonstration outcosms. 

(l) interest in trying demonstrations . - Subjects vwe instructed 
to indicate their 

ments. OSie entire questionnaire form (Form A) desiccned to measure their 
Interest level is reproduced in Appendix A. !Ihe beginning portion of the 
f orm^ including the response options for a sunple item, is reprodixsed In 
Figure 3* 



ybr eseb of tbs m^srlMts idiieh you Joat sav, put an Z In tbs eolunn vhiota 
Bboifs ubstbar you lioulA Ilka to try it yourself. 



Would like 
to try it 
vary much. 



Would like 
to try it. 



Wo interest 
in tradns it. 




■ ) 



: !i 



Fig. 3. Sample portion of Form A in the Questionnaire. 

A chi-square analysis of the frequencies ot endorsements of the three 
rating categories for all demonstrations resulted in significant chi-square 
values for both the intuitive and non-lntuitlve demonstrations (with "very 
much Interested" and **interested" categories cosblned). Differences between 
realistic and non-reallstlc versions varied in direction from Intuitive to 
non-intuitlve demonstrations. As noted in TebXs 6, on page 17# for intui« w 
tive demonstrations considerably more Interest was axporassed in the real- 
istic t han in the nonHreallstlc demonstrations . For non-lntuitive demon- 
strations, however, precisely the opposite was found, the magnitude of the 
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amarence balag e<suUei«U]r niUIw. <B» noa.r#«U»tie v«r«ion drew aora 
poBltlv* endorBemsnts than did tha raallstlc var«ion. 



6 

Ratlagf of Idtoraat Ltval tor 
Realiatlc aad Vaa-ReaXlatlc BtaonstratlonB 
(in pareantagae) 



vtxy aueh 
lBt«rMt«d 
or 

iBttrMttd 
no intcrtit 



# of 

ratpooMs 



•U 

fl aiOMtratlooi 






100)^ 

734 



tetuitlw 
gjallotHo non-gaallatAe 



J? 

lOOi 

205 



38|t 

100)( 

185 






73jt 

i? 

vxi, 

165 



33]( 

100 )( 

159 



I x^»30.ia p<.ooi| El «■!. .05>p>.oa| 



Ihe data of !Dable 6 were regrouped to permit a conqparleon of Intuitive 
and non-lntultlve demonstrations . lliis comparison was made separately for 
realistic and non-reallstlc versions. As sunmarlzad In Tkble 7, on 
18 , it can be noted that for both the realistic and non-reallstlc versions^ 
more Interest was expressed In the non-lntultlve than In the Intuitive 
demonstrations . lowever, this finding was statistically significant only 
for the non-reallstlc version. 
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Ta\)19 7 

R&tingB of Interest Level for 
Intuitive and Non-Intultlve Demonetratloxia 
(in percentages) 



very auoh 
interested 
or* 

interested 
no interest 



eU 

denocstretiom 



ReeUetie 

intuitive non-lntuitive 






73lt 



100)( 



— J? 

100)( 100]( 




lfon»Beelistle 
i££ultlv|e nonj^intul^ve 

38jt 83K 

^ — 

100]( 100]( 



#of 

responses 



73«* 



209 105 





IBS 159 

^X^^69.6, df.g, p<.oJ 



credibilit y of demonstration outcomes . - Form E of the question- 
naire, reproduced In part In Figure k belov and In Its entirety In Appendix 
A, attenqpted to get at the reasons for student Interest In trying esqperlnsntB . 
Options vere designed to determine the credibility of demonstration oubcones 
(and thereby their potential confirmation value). 



vpuld you have for tryliig each of the foUowliig M^erlaeiits 



Just curious to 
see bov it would 
ecus out. 



So ebook to see 
If it would eoue 
out the seae way. 



Don't believe It 
would COM out 

the sane way. 



blowing air* pest oaadle 




Elg* 4. Sample portion of Form E of the Questionnaire. 
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Bie teta of Mle 8 susnirlze th« dlfftroncet In ratlngo obtalnod for 
raallotlo and non-raallitlc varilono of tho dtmonftratloni. Gantrally, as 
shown In the table, non-realistlo versions were disbelieved more than their 
realistic counter-ports, me differences were smaU and, only for the 
intuitive demonstrations was the difference significant. 



mble 6 



Reasons Endorsed for Whntlng to Try 
Realistic and Hon-Rsallstic Demonstrations 
(in percentages) 



, 


aU 


Intultlvo 


AMOiutratitJss rMOlstie non-irMllatie 


Juit ourloui 


33$ 


3T$ 


32$ 


to ohoek 




63jt 


6k$ 


don't boUovn 
outeoM 


13J^ 


Ojt 


J? 




100 $ 


100 $ 


lOOjt 


#of 1 

rMpoaMs 


1 660 I 


1 1*^3 


185 1 






1 0fm2, 


.02> P >.0l| 



Ifop-lntttltlv 
yjsUstle non^mdittle 
33]( 26]( 

10C$ 



aBsi 



Ik^ 



|x?.g.2, »go>p>. 



30 



Regrouping the data of mble 8, It is possible to contrast the reasons 
endorsed for wanting to try either .intuitive or non-intultlve demonstrations. 
As shown in Table 9, on page 20, the outcomes of non-intultlve demonstrations 
were disbelieved more often than were outcomes of intuitive demonstrations. 
This finding was significant and held true idiether or not the comparison 
was made for realistic or for non-recdlstlc versions. 



- 19 - 



• i 
! 







0!libl« 9 

Reuoni Endorsed for Wanting to Try 
Intuitive and Eon«Intuitlve Demonstrations 
(in percentages) 



Just ourlou* 
to ehook 
don't bollovo 

OUtOOM 



•U 

dMWMtmtioni 

33lt 

IGOi 



Wonllitlo 

Intultlvt non-lntultlv 
yii 33jt 

63$ 

XOC$ 100J( 



Mon-Renllotlc 
Intultiv* non-intuitlve 




2e$ 

45)1 

100]( 



#of 

rooponioi 



I I 



lk3 16? I 

X^"39»3, df*2, P<.001 1 



18? 14? 

I A 33 .I# df«g, P <.001 1 



(3) Txrediction of outcomes if experiments vere to be tried by 
students . - Forms C and D of the questionnaire further attempted to assess 
the credibility of the experimental outcomes. Form C required subjects to 
indicate how the experiment would t\irn out if they tried it. A sample por- 
tion of this form is reproduced in Figure 



If you tried snob of tbs fOUowlJic •xporlMiits yoursolf # vhleh my do you tliiak 
th(^ voiild turn out? Put sn X next to the picture vhleh above vblch viy you t h i n k 
it vould turn out if you tried It. 

Xt vould turn It vould turn 

out thlB vey. out thle vey. 



blovliig air put oendle 





Fig. A sample portion of Form Q of the Questionnaire. 







mm 



[ 




Form D went one step further. It Indicated how the demonstration turned 
out on the screen and then asked how the demonstration would turn out if the 
subject himself tried it. A sanq^e of this form is reproduced in Figure 6. 



When these .experlaents were done on the screen^ they casw out a certain vay. 
If 20U did these eaq^lnents yourself, vhleh vay would they com out? Put 
an X next to the picture vhleh shows which vay you think It would turn out 
If you tried It. 



It would turn 
out this way. 



This Is what happened when air 
was hlouh past candle flaiaes. 





It would turn 
out this way. 





Fig. 6. Sample portion of Form D of the Questionnaire. 

Besponses on both Forms C and D were categorized as same outcomes or dlfTerent 
outcomes (depending on their agreement with the actual outcomes presented on 
the screen). 

Hhe results of Table 10, on page 22, indicate that for Intuitive demon- 
strations, the realistic version led to more predictions (on both Forms C 
and D) that were in keeping with outcomes presented on the screen. However, 
the differences are small and only one of them was significant (Form D). 

non-intuitive demonstrations, the reverse was true. More predictions 
based on the non-reallstlc version were in keeping with demonstrated out- 
comes. Here, too, only the difference ffleasure obtained was significant 
(Form C), 
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!Ebe data of tDablo 10 ara regrouped In Table 11 to conrpare the Intuitive 
•and non-lntultlve deaonatratlonB • Aa ahown In tbla latter table ^ In 
four coDparlaona Intuitive outconca lere predicted correctly aore often 
than non-lntultlve outcooea. Diree of the four canparlaona were atatlatl- 
eally algnlf leant. 
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DISCUSSION 



' Q9i 6, IntiToductlon *to this rsport strssssd ths nitsd In rsssarch on visuals 
of Identifying specific functions assigned to visuals In Instruction. It Is 
clear from reading the mthod section of this report that^ In this study, 
visuals have been assigned several functions. !Ehey have served to cue re- 
sponses and to conflm responses. Ihey have also served as a series of 
exanples to ‘pros»te response generalisation (concept acquisition). Qie 
experimental variations Involving realism and non-realism have not been 
specific to any one function. There has not been, for example, a variation 
in the realism of Jwt confirmation stimuli (with all other functions con- 
stant — that Is, all realistic or sH non-reallstlc). The experimental 
variations In the realism of the presentation have Involved all functions. 

the non-reallstlc version, for exaniple, cues, confirmation, and examples 
were all non-reallstlc. Zh the Ufi^t of this variation In realism for an 
ama lg am of functions, can useful c^nttMllzatlons about realism or non- 
realism be drawn from the results? 

The live (on tape) visual demonstrations used In this study were pro- 
grammed. This means that visuals ^e assigned specific functions to ful- 
fill. The program was tried out eiqpirlcally and revised. The result of 
this entire procedure was a visual program that produced a low error rate 
(on response practice Items built into the presentation). Within such a 
tried out program, visual stimuli could be Judged to have fulfilled their 
designated functions adequately, tdiether as cues, as confirmation, or as 
examples. 

Comparing an animated or non-reallstlc version of the program with the 
live or realistic original makes It possible to assess any deterioration 
In effectiveness (e.g., in error rates) that mlg^t result from altering the 
realistic character of the presentation. While it Is true that such a com- 
parison does not attest specifically to the adequacy of non-reallstlc vlsimCLs 
as cues or of non-reallstlc visuals as confirmation, etc.. It can attest to 
any change In adequacy of an entire program In idilch specific functions (in 
cooiblnatlon) had been previously Judged to be adequately fulfilled. Any 
evidence of deterioration would be a clear Indication of the need for a 



eeiarate, analytte atufly of the effect of non-realism on each function. 

Hbeever, error rates for the realistic and non-realistic version, of the 

visual program were negUgihle and non-aignificantly different. Achieve- 

immt data, rtiile also dependent on the self-paced, verbal programs that 

were taken hy groups receiving either the realistic or the non-realistic 

versions of the visual demonstrations, also indicate that there were no 

Significant differences between the two groups. Recall of demonsteation 

outcomes also yielded no significant differences betueen realistic and non- 
realistic veralous. 



aese achievement data suggest no deterioration in effectiveness from 
e original live visual demonstration as a result of their presentation in 
animated or non-reaUstlc form. D,e capacity of visuals in either mode to 
serve as cues or as exasgOes should come as no particular surprise, ffirough 
a:®erlence in the classroom, the theater, or at home In foont of the tele- 
vision screen, responses to live events are likely to have generalized not 
only to filmed or taped representations of them but also to animated repre- 
sentations, The effectiveness of non-realistic presentations In generating 
understanding might more readily be called into guestlon for those who have 
Mt yet had experience with filmed or animated representations of real events 
nils, of course, means the very young, the disadvanteged, or those in other 
cultures. But, even in our ouru culture, and for age groups that have had 
experience with "representations" of real events, there might be some oues- 

tlon idiether non-realletlcally presented demonstration outcomes would have 
uhe capacity to conTlra responses. 

As Qrbpper (1963) has suggested, visual events come, after a long series 
o experiences, to confirm the adequacy of our behavior (that we have tied 
out shoes properly or shaved well, etc), visuals are thus presumed to 
acquire a generalized confirming property, Uiey also confirm the outcomes 
of otters' behaviors and indeed of inanimate events (e.g,, science demon- 
strations), Whether non-reallsUc, visual events have the same capacity 
to confirm is what this study has attempted to assess. 

H>e achievement data suggesting no deterioration in effectiveness of 
the live, original version as a result of its transformation into an ammated 
version couia not ^ovlde speeifle evidence of the confirmation adequacy of 



of non-reall8ticaIly presented demonstration outccmss. Achievement data 
were, as pointed out ahovo, the product of the adequacy of the entire visual 
presentation in all its functions. Additionally, they were the product not 
only of the visual jxresentation hut also of the same self-paced, verbal 
program used in both the realistic and non-realistic treatments. Oth«r 
data, however, including the questionnaire results, while not providing 
evidence as to how well the confirmation function was actually fulfilled, 
are more specifically relevant to the potential value of non-realistic 
events in providing confirmation. 

In questionnaire data and in work rate data for the self-paced, verbal 
programs, th^e were differences between the realistic and non-realistic 
treatment groups. Obese differences were, however, not simply a function of 
the realism of the demonstrations. Biey were in part a function of their 
intuitlvenees . Disbelief was expressed more often for outcomes of the non- 
djituitlve demonstrations. One of the outcomes contrary to prior experience 
was, for example, candle flames bending towsu*d rather than away from blowing 
air. Erior experience is more likely to have conflraed that blowing ©jr 
past a flame is likely to cause it to flicker or that blowing air at an 
object is likely to cause it to move away from the air. Candle flames moving 
toward the blowing air is counter to everyday experience. Biis being the 
case, non-lntultive visual events may to some extent lose their capacity to 
confirm student predictions ©f ©utceaes. When this does in fact oceiu*, the 

confirming capacity of the teacher presenting the demonstration may acquire 
greater importance. 

In general, the dtoenslon of Intultlveneso appears to have played a more 
potent role than the dimension of realism. Hie ©utcomeo of non-iatuitive 
demonstrations were recalled correctly more often than those of intuitive 
demonstrations. More interest was expressed in wanting to try the non- 
iatuitive experiments o ThQ outcoiiies ©f the non-intuitive demonstrations 
as shown on the screen were disbelieved more often and were more often pre- 
dicted as likely to be different if students themselves tried them. 

Although, in general, students expressed more interest in wanting t© 
try the non-iatuitive demonstrations, they were somewhat less likely t© 
want to do so If they had seen It in its realistic version, ^tereet la 



vantiag to try the Intiiltlve demoostratlon^ on the oth«r hand, vas less 
likely to he expressed IjT students bad s@en the non**reaUstlc version* 

Worthy of note Is the variation In the magnitude of the differences 
In expressed interest for the Intuitive and non-lntultlve demonstrations. 

Dhe differences between them were sizeable and significant {kyfi) when the 
non-realistlc versions of the two are compared. Ihe differences between 
them are considerably saBller (only &fa) and not significant when the real- 
istic versions of the two are compared. Interest la wanting to try experi- 
ments was roiighly comparable for intuitive and non-lntuitive experiments 
when they were presented realistically. When presented non-r^istically, 
Interest in the intuitive experiments dropped sharply. 

As to obtained data that might accomt for this pattern of results, 
the overall differences observed between realistic and non-realistic ver- 
sions were s ma3J . . Those differences that are significant suggest that the 
credibility of non-realistic versions was questioned more often for intui- 
tive than for non-intuitive demonstrations. Diis would hardly account for 
the considerably smaller interest expressed in wanting to try non-realistically 
presented intuitive demonstrations. Generally, non-realistic presentations 
led to more disbelief, but this appears to affect intuitive demonstrations 
more* Disbelief about non-lntultlve outcomes appears to be h eld in abeyance 
somewhat more when they are non-realistic. 

Work rate data (on the self-paced verbal programs administered after 
each visual segment) also reflect an interaction between intuitiveness * in d 
realism. Significantly less time was spent on the program when (a) the 
demonstration was realistic and non-intuitive; and (b) when it was non- 
realistic and intuitive. This kind of interaction was identical with that 
fcnmd for questionnaire d/ata reflecting disbelief in outcomes. Although 
there was no rating of the interest level of the demonstrations per se 
(only a rating of interest in wanting to try the experiment), the combined 
work rate data and "disbelief" data ml^t suggest greater Interest in the 
presentation itself as an explanation. Students appear to have worked 
faster on the verbal material following the visual demonstrations they 
"disbelieved" more. While time-to-complete is traditionally thought of 
as a measure of lear nin g, it is also plausible that it may reflect interest. 
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CONCLUSION 



fn differences obtained between realistic 

&lve) and non-realistic (anis^ted) det^nstrations was s»all co^ed to 

the ^gnitude ci tbe di«erences obtained between intuitive and^! 

intuitive demonstrations. Outcomes of non-ihtultive demonstrations were 

r^alled cozrectly more often than those of intuitive demonstrations, ^e 

TJTI demonstrations were also disbelieved more often, 

paneling these findings, it should be noted, more interest was expressed 
^^Ung to try the non-intultive experiments, mese data suggest that 
n-intuitlve outcomes may have had less capacity to confirm student pre- 
lotions of experimental outcomes than intuitive outcomes. 

mfrerences between intuitive and non-lntuitive demonstrations were, 
oTOver, not unaffected by the mode of presentation. Significant inter- 
actions were observed between the intuitiveness of the demonstration and 

reUsrTi presentation. When both were presented 

realistically, small and non-significant differences in interest level were 

rved between intuitive and non-lntuitive demonstrations. On the other 
Md, w^ both types were presented non-realistlcally, the interest level 
(isx wanting to try the experiments) in the non-lntuitive demonstrations 
was significantly and substantially greater. 

Look^ at the intuitive demonstrations alone, students expressed more 
invest in wanting to try them if they had seen them presented realisti- 
c y. tte converse was true for non-lntuitive demonstrations. Students 
were more apt to want to try them if they had seen the non-realistic ver- 
sion. Other data, however, suggest that Interest levels during the presen- 
a ion may have been the reverse of those Just noted (e.g., suggested by 
ime-to-complete data). During the presentation, students, it is inter- 
ested, ,;ere more interested in the animted intuitive demonstrations and 
in the live, non-lntuitive demonstrations . These latter types may there- 
fore have been more successful in reinforcing Immediate attention. What 
exactly provided the reinforcement may have been different, m the one 
instance it was likely to have been the non-lntuitive nature of outcome. 
In the other case, it may have been the mode of presentation (animation). 
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Obe aoBt cl«ar-cut pattarn of Interaction found In this study Is sunioarlzed 
In the figure below. 



Intuitive 



non-lntultlve 



live anlanted 



future Interest 
In trying 
experiments 


Interest 

during 

presentation 


Interest 

during 

presentation 


future interest 
in trying 
experiments 



ae dlffwences between realistic and non-reallstlc presentations appear 
to depend on the Intultlveness of the phenomena presented, aus^ It appearc 
that content (degree of Intultlveness of outcomes) as much as, or perhaps 
more than, the mode of presentation may bo relevant for the capacity to 
confirm student predictions or to reinforce attending behaviors. Since, In 
this study, there was only one Instance each of Intuitive and non-lntultlve 
demonstrations, replication Is clearly In order, aere does appear to be an 
Interaction between realism and Intultlveness, but only with replication 
can the reliability of the apparent Interactions be more clearly ascertained. 
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Oclonce dcinons'krQr'bloiis may bo iisod as a serioo of examplos In order 
"to faclU'ba'fce response g^eneraJ L l za 'bjLon « In beachln^^ conceplis and principles^ 
they ere often used In precisely this way and. Indeed, concept acquisition 
is contingent on the use of a series of ojcrmples, either in a visual or 
verbal mode. Vlhen they are visual, thay may be presented either realisti- 
cally or non-reaHstlcally (see Study No. 1 In this report). Another dimen- 
sion along which visual examples may vary. Is the literalness with which 
they represent the concept to be taufi^t (Gropper, I963). Bxanqples my 
literally represent a principle (as when an object Is shown to expand idien 
heated). Ihe principle concerning the relationship between heat and expan- 
sion my also be non-literally represented. ®ie effect of expansion my be 
shown rather than expansion Itself (as when a heated ball no longer passes 
through a ring). 

Die purpose of the present experiment is to assess the effect the 
literalness of examples my have on the ease with which concepts are 
acquired. 



METHOD 



Design of Experiment 

Independent variables , - Two lessons were prepared for presentation 
on television; one covered phenomena having to do with "surface tension," 
the other "heat and molecular action." Each of the two lessons was pre- 
pared In two versions: one version contained examples that directly or 

literally Illustrated the concept belngptau^^t; a second version contained 
non-literal examples that Indirectjly Illustrated the same concepts. Each 
lesson. In whichever version, was segmented Into several flxed-paced TIT 
\mlts, and these units were serially intermixed with a verbal self-paced 
unit covering the same material as was covered in the preceding flxed- 
paced visual unit. This arrangement Is summarized In Figure 1, on page 32 . 
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As can bo soon Atob an Inopocblozi o£ bbo 1#ablo^ tho In&opondo&t varlabXo 
studied Is tho dlroctness or lnd:U'OctQeBO of the visual exao^es. Bio use of 
two lessons merely serves to' provide' rejllcntion* 

. • t . * 

Bio design of the experijoent may be sunnarized as follows: 



Cfroup I 

lesson 1: direct version 
lesson 2: indirect version 



Group II 

lesson 1: Indirect version 
lesson 2: direct version 



Dependent variables . - Dependent variables consisted of such learning 
measures as tlme-to-ceoplete the self-paced ’^erbal program, errors on the 
program, and achievement test scores. 



Procedures 

« Bie schedule below indicates the time Intervals between the administra- 
tion of the several instructional and evaluation mat^lals used in this study. 
All participating classes adhered to the schedule with minor variations 
occurring for those schools previously conmitted to other school activities. 



Week 1 - in the schools : 

(1) Admlxdstratlon of pretests. 

(2) Admlx^stratlon of a program on 
"learning From a Program.” 

Week 2 - in the schools : 

(l) Administration of a self-paced preliminary 
program on "Atoms and Molecules” (concepts 
necessary to an understancUUig of the 
experimental programs). 

Week 4 - in the studios of WQKn ? 

(l) Simultaneous administration of the 
direct and Indirect versions of 
each of the two experimented programs 
(on "heat” and on "surface tension" }. 



( 2 ) Ad»ini8t2.’atlon of an Identical, self -paced verbal 
program to both experimental groups; verbal pro- 
grams covered the same concepts Illustrated by 
the televised demonstrations and were serially 
Intermixed with the demonstrations. 

(3) Administration of an Immediate posttest. 

Week 7 - In the schools ; 

(1) Administration of a retention test (identical 
with the original test). 



As can be noted In the above schedule, the instructional materials for 
this study Included two pre -experimental self-paced programs administered 
In the schools and two experimental progprams administered over closed-circuit 
W in the studios of W^D and (simultaneously) In a banquet room of an 
adjacent hotel. 

Ere -experimental materials . - Ihe two programs administered before the 
conduct of the main experiment were designed to fulfill two dlfferenc func- 
tions. One, entitled "Learning From a Program" was designed, as its title 
suggests, to familiarise subjects with the mechanics of going through a 
program and of profiting from the program. Ohe program is reproduced In 
Its entirety in Appendix A, page 44. ^e second pre -experimental program 
dealing with "atoms and molecules" Is reproduced in Appendix B, page 31. 

Its primary purpose was, in addition to providing additional familiarization 
with "programs," to bring participating subjects up to a common level of 
prior knowledge, knowledge judged to be necessary for successful work in 
the main experimental prog[*ams. Both preliminary or pro -experimental pro- 
-ams, as well as both self-paced verbal programs used in the main experi- 
ment, were prepared in the REF style of proip'amming developed by Chopper 
(1965b). A brief rationale for this style appears In Study No. 1, beginning 
on page 8. 

Main experimental materials . - ^e visual portions of the lessons ©n 
"heat" and on "surfaee tension" were pro^^anmed in the style developed by 
fe’opper (1965b). Ihis is deserlbed in Study No. 1, page 9 * i^iefly, tSie 
ppogpamming approach used cell® for discrimination practice with concrete 




Materials 



events (and alnlmf a use of language) as a means of teaching concepts and 
principles. When la n gu ag e is used, it is concrete and describes rather 
than explains \diat is occwring. Ohe wcplanation (the principle) is 
acquired inductively through discrimination practice based on a series 
of visuEtl (concrete) examples. 

Q3ie ' visual, demonstration segments of each of the two lessons were 
prepared in two versions, in one version, exangiles were direct. Di the 
other, they were Indirect. Ohe differences between the two can be 
illustrated by describing demonstrations used in the lesson on surface 
tension. 3he fact that "liquids tend to shrink" was demonstrated in the 
direct version by; a wet spot on a smooth surface becoming smaller 
occupying less area; soap film in a funnel getting smaller, etc. Ihe same 
tendency of liquids to shrink was illustrated in the indirect version by • 
its effects. When dipped in water and then removed, the bristles of a paint 
brush or the fibres of a fur piece cling more tightly to each other (as a 
result of the tendency of liquids to shrink). While in the literal version 
the fact or principle was directly illustrated, in the non-literal version 
it was illustrated by consequences it had for other phenomena. One impor- 
tant feature of the visual program was the cmimation of phenomenon, invisible 
in nature, as direct examples. Moving molecules was one such an instance. 

Before the demonstrations were recorded on TV taj>e, they were tried 
out live with subjects drawn from the tm’get population (the eighth ^ade). 
They were revised until relatively low error rates (on problems posed in 
visiml work books) were low, approximately 10-15 cent. (See Appentoc 
B for copies of the answer books.) 

Verbal, self-paced pro^ams were similarly tried out and revised. 

^ese programs, reproduced in Appendix B, pages 1 and 12, were serially 
intermixed with and were identical for both the ^rect and indireat visual 
demonstrations • 

Dependent Measures 

The achievement tests used t© assess student knowledge before, ImMsdi- 
ately after, and three weeks after the administration of the experimental 
lessons are reproduced in Appendix B, pages 28-3© • Time-to-eomplete the 
self-paced materials that followed each visual demonstration was also 
recorded. 
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Bub.lects 



toee eighth grade classes dram £rm City and Barochlal schools 
participated in the study* Students £rcsD each class vere assigned at 
random to each of the two treatment conditions* 




RE3SUL.TS 



Matching Measures 

At the completion ©f the expertoent, ©tudente who had been aeBlgned 
at random to experimental treatments were matched for IQ and Work Rate on 
pre-experlmental programs. Only matched cases were selected for the 
analysis of data^, so that the variables IQ and Work Rate could be treated 
as Independent variables, each at two levels, lliere resulted a 2x2x2 design 
for data analysis, representing two levels each of IQ and Work Rate and the 
two experimentally manipulated conditions (direct vs. indirect ©xamples). 
the results of the matching procedure are summariged in S^ble 1, which is 
based on eight cases per eeH, for a total of 64 eases. 



Table 1 

Results of Rroeedures for 
Matching Subjects Across Oonditions'*' 



fflROUP 1 

Direst: neat 

Zaairec t : Surface ateaslon 



(2KWP 2 

Xndirest: Beat 
Direet: Surface Stenalen 



H m 

rill 



Faot 



Slew 



Bcetest Werh Rate* *^ 

2S8 5.1 31 ■ 

125 3,5 liQ 



M gfeteet Work Rate** ^ 

125 5,@ 31 

129 5.9 4X 



1.0 m 



Faot 



Sl@w 



Up 

113 



rtperfeid as aoanB} 



2.9 31 

39 

’*"*’tl»fl“fe0«»Q6iip2efee In ulniataB 



H5 3o4 3S 

H5 3. a 39 



!ltoe table shows that there was a sep^^atloa ©f approximately 18 IQ points 
between high and low IQ groups. This difference was statistically signifi- 
cant at the .ODl level, as shown in Table 1 In Appendix B. ahble 1, both 
in the text and in the Appendix also, shows that there was not a signifi- 
cant difference in IQ either between ^perlmental teeatments or between Work 
Rate levels. Similar results for Work Rate con be found la text feble 1 
and in Appendix B, Table 8. Bast and slow levels were si^iificaatly differ- 
ent on Work Rate at the »©01 level. significant differences were foiffid 








for Work Rate between the remaining cells of the design. Thble 1 also 
records Rretest scores for each of the el£^t experimental cells. Appendix 
Thble 2 , records no significant differences between cells on Rretest 
scores . 

Dependent Measures 

I results of all comperlsons between groups receiving direct and 
Indirect exan^es are summarized In Table 2. 

Thble 2 

Summary Comparison of Means on Dependent Measures 
for Groups Receiving Direct and Indirect Versions 

of Visual Lessons 

HEAT SORFACB TEH8IOT 





Direct 


Indirect 


Dlreet 


Dadlreet 




Mean 


(S.D.} 


Mean 


(S.D.) 


Mean 


(S.D.) 


Mean 


CS.D.) 


# of correct reeponeee 
on visual progrs^ 


11.6 


(0.6) 


11.5 


(0.7) 


,10.8 


(1.3) 


11.4 


(1.1) 


















# of errors on 
verbal, program'^ 




(3.9) 


2.1 


(2.6) 


« 2.1 


(2.?) 


3.8 


(?.8) 


















tliDe-to-coeqplete 
verbal, program 
(in minutes 


31.7 


(4.8) 


33.7 


(8.2) 


19.7 


(4.0) 


18.8 


(3.1) 


Imnedinte posttest*^ 


15.5 


(2.7) 


15.6 


(3.1) 


9.3 


(2.8) 


9.0 


(3.3) 


retention teef*^ 


13.5. 


(4.0) 


13.6 


(.39) 


5.9 


(2.8) . 


6.3 


(2.9) • 


mHib«r of rtspomes possiblt 


on visual 


*hsat* progrsB • 12; 


on visual "surfaes 


1 tsnsion'' 


prof na • 


13 


'*^total maibor ot rssponsos 


possiblt rn *bsat^ 


prof riM • 


74; on "surfseo tsnsicr* - 6l 







^^total nuBbar ot points possiblo on. *bont” tost - 22; on *surfseo tonsionP tost - 16 
*slcnifiosnoo at tho .05 lovol; **slcnlfieiBso.at ttao..01 Isvol 



The slfpilflcant differences are underlined and starred; the variance analyses 
for aUL comparisons appear in Appendix B. 



Althoui^ there vere BtatlstleeUiy siffiificaiit dl£feren 2 es in errors 
on the vert»l progran^ the direotlon vas reversed on the two difTerent 
prograns. Hare ijqpartant, however^ was the fact that on neither prograa 
did the error rate approach 10 per cent. 2bus^ as can be noted in the 
table ^ few statistically significant differences were obtained. Of those 
obtained^ all were of negligible wignitude and appear to be of little 
practical laqportance. 
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DISCUSSION 



In study No. 1 , it vas suggested that for the acquisition of concepts 
the mode of lesson presentation (realistic or non-realistlc ) vas not nearly 
so Important as other characteristics of its content. Ihe intuitiveness 
or familiarity of lesson content appeared to he more crucial. Here^ too^ 
other content considerations may he as important in inflaencing the ease 
of concept acquisition as the directness or indirectness of examples. 

^ concept acquisition we mean that the learner acquires a generetllzed 
response to a class of objects or events. Concepts, such as "liquids shrink" 
or "molecules move faster when heat is applied to objects" are the kinds of 
response generalizations required of students watchii« a series of science 
demonstrations. For such generalization to occur, the learner must he able 
to recognize and respond to the similarities among the objects or events. 
Acquiring the concepts on the basis of visual examples is likely to require 
some form of verbal mediation, particularly if this kind of visual lesson 
is to facilitate transfer to verbal lessons that follow it (Cropper, 1965a). 
It is to the essential similarities of the visual example that mediating 
verbal responses have to be made if response generalization is to occur. 

As Cropper (1963) has pointed out, most visual examples can bear either 
a structural and/or functional similarity to one another. To illustrate: 
all examples illustrating the expansion that follows the application of 
heat, are functionally or conceptually similar. They all illustrate the 
relationship between heat and expansion. Structurally, that is, in terms 
of the physical events presented, they may be hi^ly dissimilar, e.g., 
water rising in a tube, a balloon filled with air inflating ^ cracks in 
railroad tracks widening , a ball no longer passing throu^ a ring, a 
thermostSjt bending , etc . Hiese structural characteristics of events are 
highly visible and are dissimilar. Despite their relevance to the concept 
to be learned, their dissimilarity may interfere with response generaliza- 
tion to the less superficial and critical functional or conceptual features 
(the expansion of the matter involved). The neater the dissimilarity among 
the superficial, structural events or attributes of objects, the more likely 



Is Interference with response generalization to the functional character- 
istics to occur* 

The hipest degree of slnllarlty Is, of course, Identity. This, too, 
creates problems, for ve wish responses to generalize to all members of a 
class. Solids, liquids, gases — In eOl shapes, sizes, colors, etc., expand 
when heated. With Insufficient variation in these attributes, generaliza- 
tion Is likely to be limited. The problem thus arises In using visual 
examples of eurrlvlng at a proper balance: how to achieve sufficient varia- 

tion and at the same time sufficient similarity. It Is In the reconcilia- 
tion of this problem that words, as mediators, can play one of their most 
effective roles In audio-visual Instruction. 

In direct examples, structural and functional (conceptiial) properties 
coincide. Expanding objects directly Illustrate the principle that heat 
leads to expansion; submerged objects result In reduced scale readings 
directly Illustrating the principle that there Is an "apparent" loss of 
wei^t when objects are weighed in water; rubber balls or sponges spring 
back to shape when stresses are removed, directly Illustrating \diat happens 
to perfectly elastic bodies when stresses are removed; etc. Since struc- 
tural and functional properties do not diverge, there is no barrier to 
response generalization to the functional or conceptual properties. This 
Is not to say, however, that within a series direct examples will not be 
dissimilar. Ihe depressed rubber ball or a squashed sponge or a stretched 
metal coil all will return to their original shape. But there are physical 
differences among them which may obscure the fact that all are variations 
of a single concept, i.e., that they return to their original shape. So 
that all are recognized as Instances of a class, the essential relevant 
similarities may have to be pointed out (in words). Only then is response 
generalization likely to occur. 

In indirect examples structural and functional properties diverge from 
one another. Water may rise in a tube after It Is heated, a ball no longer 
passes through a ring, and a balloon Inflates when air expands. Or, as In 
this study, the hairs of a brush may cling together as a result of being 
dipped in water. Ohe student thus sees the result of water shrinking, 
rather than seeing the actual shrinking. For Indirect examples to lead to 
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efficient response generalization, two things are required: (a) the connec- 

tion between structural and functional properties must be recognized; and 
(b) as is also the case for direct exanqples, similarity among examples must 
obtain. Even though they are Indirect, examples can be highly similar. 

When this is so, the only barrier to response generalization is establish- 
ing the connection between structureil and fimctlonal properties. Words can 
serve a mediating role in this regard. 

Although there is no immediate evidence available in this study bear- 
Ing on the problem, it is perhaps Important that if examples are direct, edl 
examples be direct; if indirect, that all be indirect. Such was the case 
in the present study. Within a series of examples, all direct or all in- 
direct, it is also probably Important that the relevant features that are 
similar be highly visible (l.e., easily responded to) so that generalization 
can occur. 

A review of the examples used in the present study indicates that the 
direct version of the lesson contained examples that were similar to one 
another. Qhe indirect version also contained examples that were similar 
to one another. Thus, although there was no measure of similarity and it is 
likely to be a difficult measxnrement problem to achieve one, both versions 
may be said to have had a fairly high degree of Internal similarity. !Ihe 
two versions were different then only with respect to the need for a connec- 
tion to be made between structural and functional properties in the indirect 
version . 

Based on the foregoing analysis, one might expect concept acquisition 
to have been more difficult for the indirect version. In this version the 
connection between structural and functional properties had to be established. 
In the direct version, the connection was already established. However, 
in this study differences were not observed between the two versions. 

Under what kinds of circumstances ml^t one expect direct and indirect 
examples to be equally effective? Ihis would seem likely to occur: (l) 

when there is an approximately equal degree of Internal similarity within 
the series of direct and within the series of indirect examples; and (2) 
when, in the indirect version, students have available the verbal responsen 
needed to mediate the connection between the effects they see and the 
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concept the effect* Indirectly represents . In the present study, there vas 
no neasure of Internal siailarlty and, Indeed, measuring it represents, it 
would seem, a particularly difficult scaling problem. Future research on 
visual exaaq?les -will, it seems clear, have to come to grips with this 
problem. As to the second point, concerning availability of mediating 
verbal responses, this too was not assessed quantitatively. If a Judgment 
were to be made. It would be that by vlrture of the particular events chosen 
to illustrate both heat and surface tension concepts, raedliiting verbal re- 
sponses of relatively high strength were probably available. Ibis fact may 
have accounted for the results obtained. 
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CONCLUSION 



Die dlBcusBlon of direct and indirect examplea need to teach conceptB in 
this study has centered on three properties of exaapleB: (a) the convergence 

or divergence of structural and functional characteristics of examples j (h) 
the degree of internal similarity among examples within a series of examples 
illustrating a concept j and (c ) the availability of mediating verbal responses • 

In direct examples^ there is a high degree of convergence between. the 
structural or physical properties of examples and their functional or con- 
ceptual properties. Ohls means that the physical events directly illustrate 
the concept (e.g., expanding objects directly illustrate the relationship 
between heat and expansion). In Indirect examples, there is a divergence 
between the two sets of characteristics. !Ebe heated ball no longer pass-. 

Ing through a ring indirectly represents the concept of expansion (expan- 
sion Itself is not shown). Because of this divergence of structural and 

I 

functional characteristics in indirect examples, we might expect response 
generalization (to the functional characteristics ) to occur less readily 
than in a situation employing direct exanqples \diere the two sets of charac- 
teristics coincide. The latter instance highlights the practical value 
that animation may have in being able to present directly what would other- 
wise have to be represented indirectly (e.g., increased molecular movement 
in animation rather than the external consequences of it). the case of 
indirect examples, however, the availability of verbal responses to mediate 
the connection between structural and functional characteristics of exeim- 
ples may render indirect examples as "easy" as direct ones. 

Achievement data, based on lesson materials used in this study, revealed 
no differences between lesson versions using direct and indirect examples. 

It was suggested in explanation that perhaps other properties of examples 
may play an equally important role than directiiess/lndirectness . Bhc series 
of direct examples used in the study possessed a high degree of Internal 
similarity. The seme was true for the indirect examples. Because response 
generalization depends on the ability to respond to the relevant, critical 
features of a class of events, similarity among such features facilitates 
its occurrence. Qhe degree of example similarity was not measured in this 



study, and accordingly no quantitative comparison is possible. Ibus whether 
the series of direct and the series of indirect examples bore eqnal uegrees 
of internal similarity remains quantitatively unknown. Obey were, however, 
both Judged to possess a higher degree of interxial similarity. A more 
crucial test of the relative effectiveness of using direct or indirect 
examples would appear to depend on the availability of quantitative measures 
of internal similarity. Si mi l a r considerations merit attention in the case 
of the availability of mediating, verbal responses. 

Audio-visixal research on and practical efforts to foster concept acqui- 
sition, it seems clear, must concern itself with properties of visual examples, 
that influence response generalization. It is suggested that these include: 

(a) the degree of similarity among examples; (b) the directness or indirect- 
ness of examples and (c) the degree of availability of mediating verbal 
responses. Some of these may be capable of quantitative treatment (e.g., 
perceived similarity). Others may be more profitably studied through logical 
analysis (e.g., the relationship between concept and example used to. illus- 
trate it). In either case, needed information will be gathered about vari- 
ables affecting an important role visuals play in instruction: examples 

serving to facilitate concept acquisition. 
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ARCHIMBDES' PRINCIELE* 



1 . 



A wagon moves toward the left when 
you push it toward the 

left 



k. 



right 



If you puch a wagon with a l^-lb, force 
and someone else pushes the wagon with^a 
15-lb. force, the two forces applied to 
the wagon are 



You would make the wagon move in the 
opposite direction if you applied a 
force toward the 



not equally strong 



eo’oally strong 
X 



left 



right 



5. 



2 , 



If you push a box toward the NORTH, 
while someone else pushes a box 
toward the SOUTH, the two forces 
applied to the box are 



For each of the following examples, write 
E if the forces are equally strong . Write 
N if the forces are not equally strong . 

A l4-lb. force A 2a-lb. force 
& a 36 -lb. force & a 22-lb. force 



N 



E 



in the same 
direction 



in opposite 
directions 



A 92-lb. force 
& a 67-lb. force 



N 



3. 



6 . 



One boy applies a force to the East 
while another boy applies a force 
to the West. 



EDIT Tins SEr^TENGE 



Mal:e up a sentence using the words below. 
You may use any other words in addition 
to the words below, but make cure your 
sentence includes ^ of the words below. 



forces are applied in the 
SMfna direction . 



If correct, copy the underlined wordc 



a 35-lb. force A 35-LB. FORCE AIH) A 
a 21-lb. force 21-LB. FORGE ARB NOT 
equany strong EQUAtLY SiRONC . 



If incorrect, change the underlined 
words . 



THE FOKGEg AR B A?FLIEI) OPPOSITE 
DIREGTIONS. 



J^llie irames reiiredueed hero are those which wore prosoateci to the Gub,jQclc as 
confirmation frames after they had made their owi. rocponsGo. X'o are ucecl to 
indicate the con*cct multiple choice recponooc . 
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EDIT THIS SENTENCE 



A 300-lb. UPWARD force and a 200-lb, 
DOWNWARD force are in the same 



direction and are equally strong . 

If correct, copy the underlined words. 



If incorrect, change the underlined words. 



IN OPPOSITE DIRECTIONS AND ARE NOT EQU AU.Y 
STRONG. ^ 



8 . 



Make up a sentence using the words below. 
You may use atiy other words in addition 
to the words below, but make sure your 
sentence includes an of the words 
below. 



5-lb. downward force 
9-lb. downward force 
direction 
strong 



A 5-LB. DOWNWAR D 
FORCE AND A 9-LB . 
DOWNWARD FORCE ARE 
IN THE SAME DIRECTION. 
BUT ARE NOT EQUALLY 
sraoNG. 



9. 



When two forces are in opposite 
directions and are also equally 
strong, we say that the forces 
are balanced. 



Which of the following is an example 
of balanced forces? 



One boy applies a 
3^-lb . force to the 
left and another 
boy applies a 4l-lb . 



force to the right. 



One boy applies a 
26 -lb . force to the 
left and another 
boy applies a 26 -lb. 



force to the right. 



X 



A-2 



10 . 



Which of the following is an example of 
balanced forces? 



a 49 -lb. upward force 
and a l6-lb. downward 
. force 



a 21-lb. upward force 
and a 21 -lb. downward 
force 



11 . 



A force toward the North and a force toward 
the South are applied to a wagon. The two 
forces are balanced if they are 



equally strong 
X 



not equally strong 



12 . 



In order to be called balanced, two forces 
have to be both equally strong and also Jn 
opposite directions. 



Two 59-lb. forces applied to a box are 
balanced if 



one force is toward the 
left and the other is 
toward the right 



both forces are 
toward the left 



X 



13. 



Which of the following is an exarq)le 
of balanced forces? 



two 300 -lb. upward 
forces 



a 700 -lb. upward force 
and a 700 -lb. downward 
force 



X 



I 



1 



i 



I A 



0^ 
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14. 

Two 400-11), forces are applied to 
a boat. 

These two forces are balanced only 
if they are — — — 

in the in 

direction opposite directions 



X 



15. 

A 38-lb. force to the left and a 
38-lb, force to the right are 
applied to a wagon o 

The forces are 

only equally only in opposite 
strong directions 



equally strong 
and also In 
opposite directions 

; X 

Therefore;, we say that the forces are 
balanced not balanced 



17. 

^o people are applying balanced forces 
to a wagon. If we know that one person 
applies a 19-lb, force toward the left, 
we know that the other person applies a 

19-lb, force 
to the right 



X 



25-lb, force 
to the left 



25-lb, force 
to the right 



19-lb, force 
to the left 



18 . 

Two balanced forces are applied to a ball. 
If we know that one .of the forces is 2 lbs , 
toward the right, we know that the other 
force is 2 lbs. toward the t.tot. 



19. 

A 3-lb. force to the South is applied to 
a table. Itell how you would apply a force 
so that balanced forces would be applied 
to the table. 

^FLY A 3-LB. FORCE TO THE NORTH. 



16. 

When two forces are equally strong 
and also in opposite directions, 
we say that the forces are 

balanced unba3.anced 



X 



20 . 



In order for us to say that two forces 
are balanced, the forces 



only have to 
be in opposite 
directions 



only have to 
be equally 
strong 



have to be both in 
opposite directions 
and also be equally 
strong 



A-3 



X 



21 



0 

0 



EDIT THIS SENTENCE 

A 37-11^ • upward force and a 
downward force applied to a table 
are not balanced forces . 

If correct, copy the vinderlined words. 



If incorrect, change only the underlined 
words. 

BALANCED FORCES 



25 . 

A 17-lb. force is applied toward the 
East and a 28-lb. force is applied 
toward the West. 

Ihe forces are 

equally strong not equally strong 

X 

Therefore, we say the forces are 
balanced unbalanced 

X 



22 . 



Make up a sentence \ising the words below. 



two forces 
balanced 
5 lbs. 
to the West 



TWO FORCES ARE BALANCED IF 
ONE IS 5 LBS. TO 'IHE WEST 
AND THE OTHER IS 5 LBS. TO 
THE EAST. 



23. 

Make up a sentence using the words below, 
balanced forces BALANCED FORCES ARE 
strong EQUALLY STRONG AND IN 

directions OPPOSITE DIRECTIONS. 



2k. 



When two forces are not balanced, we say 
that the forces are unbalanced . 

For each example below, write B if the 
forces are balanced . Write U if the 
forces are unbalanced. 



Two opposite forces 
are applied. One 
is l6 lbs. and the 
other is 13 lbs. 



U 



A 23 -lb. force is 
applied toward the 
left and a 23 -lb. 
force is applied 
toward the right. 



B 



26 . 

Two 39-lb. forces are both applied toward 
the South. 

Ihe forces are 

in opposite in the same 

directions direction 



X 



therefore, we say that the two forces are 
balanced unbalanced 

X 



27. 

For each example below, write B if the 
forces are balanced . Write U if the 
forces are unbalanced . 

Two 36 -lb. A 49 -lb. force to the 

forces are South and a 49-lb. 

applied toward force to the North 

the East. are applied. 



U 



B 



A-4 



0 




0 



0 



.1 



n 



o 



30 



28 . 

A l4-lb. force to the East and a 
25-lb. force to the East are applied 
to a box. 

The forces are 

not equally strong 

and ALSO in the not equally strong 
same direction ONLY 



X 



in the same 
direction ONLY 



Therefore, we say that the forces are 
balanced unbalanced 

X 



For each example below, write B if the 
forces are bal^ced . Write U if the 
forces are unbalanced. 



Two 80-lb. forces 
are applied toward 
the left. 



U 



A 67-lb. force 
and a 45-lb. force 
are applied toward 
the right. 



U 



A 30-lb. force is 
applied toward the 
left and a 30-lb. 
force is applied 
toward the right. 



B 



A 49-lb. force is 
applied toward the 
right and a 43 -lb. 
force is applied 
toward the left. 



U 



29. 



EDIT THIS SENTENCE 

A 37-lTb. upward force and a 45-lb. 
downward force applied" to a table 
are unbalanced forces . 

If correct, copy the underlined words. 

UNBALANCED FORCES 

If incorrect, change only the underlined 
words . 



31. 

For each exan^ple below, write B if the 
forces are balanced . Write U if the 
forces are unbalanced. 



Two equally strong 
forces are applied 
in the same 
direction. 



U 

Two forces are in 
the same direction 
and are not equally 
strong. 



Two equally strong 
forces are applied 
in opposite 
directions . 



B 



Two forces are in 
opposite directions 
equally 

strong. 



U 



U 






32. 

Make up a sentence using the words below, 
two 7CX)-lb. forces TWO 700-LB. FORCES 
direction APPLIED M-TIIE SAME 

unbalanced DIRECTION ARE 



UNBALANCED 



33 . 

Make up a sentence using the words below, 
two forces TWO FORCES IN 

opposite dii'ections OPPOSITE DIRECTIONS 
unbalanced if ARE UNBALANCED IF 

stronger ONE FORCE IS STRONGER. 



34 . 

A 60--lb . force to the NORTH and a 
60^3^. force to the SOUTH are applied 
to a boat. We say that the two forces 
/are BALANCED because they are EQUALLY 
STRONG AND IN OPPOSITE DIRECTI^ 

35 . 

Two boys are applying BALANCED forces to 
a bicycle. 

Make up an example of two forces which the 
boys might be applying to the bicycle, 
using a specific number of Ibo. and a 
specific direction for each of the two 
forces. 

ONE BOY APPLIES A 35"LB. FORCE TO THE 
WT AND THE OTHER ^PLIES A 35-LB. 

FORCE TO THE RIGHT. 



36. 

A wagon will remain at rest, even \dien 
two boys are pushing it, if the boys ore 
applying balanced forces. 

However, if the boys apply forces which 
are unbalanced, the wagon will 

start to move remain at rest 



X 



37. 

Two boys both push a table toward the 
left. One boy applies a l6-lb. force 
and the ' ther boy applies a 23-lb. force. 
The table will 

remain at rest start to move 



X 

The reason for this is that the forcts are 
balanced vmbalanced 

X 

4 



38 . 

When two boys on the same side of a, wagon 
pull equally hard in the same direc;tion. 
the wagon —— — 

starts to move remains at rest 



X 

The reason for this is that the forces are 
balanced unbalanced 

X 



39 . 

Ttro people are pushing on opposite sides 
of a swinging door. If one person pushes 
harder than the other, the door will 

remain at rest open 



X 

Ihe reason is that the forces are 

balanced unbalanced 



X 



A-6 






IfO. 

A car parked on a hill vill start 
to move \dienever the forces applied 
to it are 

hala^iced imbalanced 



X 



4 ^-. 

Two boys playlhg tug-of-war are applying 
unbalanced forces to a box. Ihe box will 

remain at rest start to move 

X 



41. 

A 40-lb. force to the left and a 
4o-lb. force to the right are applied 
to a wagon. Qhe wagon 

starts to move remains at rest 



X 

The reason for this is that the forces 
are 

balanced unbalanced 



X 



42. 

When two boys push a box equally hard 
opposite directions, the box 

reiuains at rest starts to move 

X 

The reason is that the forces are 
balanced unbalanced 

X 



45 . 

When two balanced forces are applied to 
an object, the object 

starts to move remains at rest 



X 



46. 



When two equally strong forces are applied 
to ah object in opposite directions, the 
object 



remains at rest 
because the 
forces are 
unbalanced 



starts to move 
because the 
forces are 
unbalanced 



remains at rest 
because the 
forces are 
balanced 



X 



starts to move 
because the 
forces are 
balanced,. 



43. 

When two forces are applied to a wagon 
but the wagon remains at rest, we know 
that the two forces are 



47. 

Make up a sentence using the words below, 
start to move A CHAIR WILL NOT START 
chair OX) MOVE IF BALANCED 



balanced unbalanced 



balanced forces FORCES ARE APPLIED. 






Ii8. 

No matter what is happening to a 4 -lb. 
object, the downward force of gravity- 
applied to it is always 4 lbs. 

Ihe downward force of gravity applied 
to a ball is 9 lbs. 

\dien the ball is 
falling and also 

when it is on the only -vdien the 
ground ball is falling 



X 



49. 

When you hold a l^-lb. stone in your 
hand, -the stone feels hea-yy because 
the force of gravity pulling it down 

is not 17 lbs. is 17 lbs. even though 
ajaymore the stone isn’t falling 



X 



51. 



Make up a sen-tence using the words below. 



gravity applies 
downward force of 
lbs. 

to a 3 -lb. beXL 
in water 



(a^VITy APPLIES A 
DOWNWARD FORCE OF 
3 UBS. TO A 3 -LB . 
BAH. IN WATER. 



52. 

When a ping-pong ball floats in water, 
the water applies an upward force to the 
ball. Kie ball doesn’t sink, even though 
the downward force of gravi-ty is applied 
to it, because 

the wa-ter applies gravity applies an 
an upward force to upward force to the 
the ball ball 



X 



50. 

Under each of -fche examples below, write 
the number of lbs , with ^ich the force 
of gravity is pulling the object down. 

a 2-lb. ball a 500-lb. boat 
which is thrown which is floating 
up in the air in wa-ter 



2 LBS. 



500 lbs. 



a 45-lb. box 
which is at rest 
on the ground 



45 LBS . 



53. 

When you let go of a sponge under water, 
the sponge rises to the -top of the water. 
This upward movement is, evidence that 

the wa-ter applies the water applies a 
an upward force to downward force to the 
sponge sponge 



X 



gravity applies 
an upward force 
to’ tKe sponge 



0 



0 



D 



!1 




j1 



A-8 
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JL 



Jt, 



54 . 

When you fall, you move downward 
because the force of gravity 
applied to you is in 

an upward a do wnward 

direction direction 



X 

However, you can swim in water without 
sinking because 

the downward force the water applies 

of gravity is no an upward force 

longer applied to you to you 



X 



55 . 

When you drop a stone in a^, it falls 
quickly. 

When you drop a stone in water, it 
falls more slowly because 

gravity applies 

a smaller downward the upward force 
force to stones of the water slows 
in water down the stone 



X 



57 . 

Make up a sentence using the words below, 
gravity applies GRAVm APPLIES A 
water applies DOWNWARD FORCE Awr> 
downward force WATER APPLIES AN 
upward force UPWARD FORCE TO A 

to a boat BOAT. 



58 . 

Name the forces applied to a fish in 
water and name the DIRECTION of each force 

UPWARD FORCE OF THB-^WATER 
DOWNWARD FCTICE OF ffiAVITY 



59 . 

When a ball is in water, gravity applies 
a force to the ball and the water also 
applies a force to the ball. 

These .two forces are 

in the same in opposite 

direction directions 



X 



56. 

When on object is in water, 

the downward force the water applies 
of gravity is applied an upward force but 
but the water applies the downward force of 
NO force gravity is NOT api5lled 



60. 



When a piece of wood is in water, the 
two forces applied to it are 



in the same 
direction 



in opposite 
directions 



X 



the downward force 
of gravity and the 
upward force of the 
water ore DOTH applied 



6 l. 

Gravity applies a 500 -lb. force to a 
boat that wei^s 500 lbs. 03 ie water 
applies an upward force to the boat 
of 500 lbs. 

!Ihese two forces are in opposite 
directions and are also 

equally strong not equally strong 



X 

Therefore, the two forces are 
balanced unbalanced 



X 



62. 

When a 600 -lb. box is in water, gravity 
applies a- force to the box and the 
water also applies a force to the box. 

These two forces are balanced if the 
force of the water is 

300 lbs. 600 lbs. 900 lbs. 



X 



63. 

When a 2 -lb. toy boat is in water, the 
force of gravity applies a downward 
force and the water applies an upward 
force to the boat. 

EDIT THIS SENTENCE 

If the upward force of the water is 
UBSS THAN 2 lbs., balanced forces 
are applied to the boat. ” 

If correct, copy the underlined words. 



If incorrect, change only the underlined 
words. 



64 . 

When a 6-lb. beach ball floats in water, 
two balanced forces are applied to the ball. 

Tell the STOENGTH and DIRECTION of the 
two balanced forces applied to the ball. 

6 LB. UPWARD FORCE. 6 LB. DOWNWARD FORCE 

65 -. 

An ice cube falls when you let go of it 
because 

an upward i'orce the downward force of 
is applied to it gravity is applied to it 



X 

In order to keep the ice cube from faU.ing, 
you must 

apply an upward apply a downward 
force to it force to it 



X 



66 . 

An ice cube floats in a glass of water 
instead of sinking to the bottom of the 
glass because the dovnward force of 
gravity and tue up'wnrd force of the 
water are 

balanced unbalanced 



X 



67. 

A raft floats on the lal>e instead of 
sinking because the forces applied to 
the raft are 

balanced unbalanced 



X 



UNBALANCED FORCES 




ClMKltMl 



68 . 

An object oirAs when you put 
it in water only if the forces 
applied to the object are 

balanced vinbalaneed 



72 . 



EDIT THIS SENTENCE 

A beach ball floats in water because 
the force of gravity and the force of 
the water are unbalanced. 



If correct, copy the underlined word. 



69. 

While an old shoe is sinking in 
water, we know that the forces 
applied to the shoe are 

balanced unbalanced 



X 



When you let go of a beach ball 
under water, it rises to the top 
of the v»ater. 

Ube ball moves upward because the 
forces applied to it are 

unbalanced balanced 



X 



If incorrect, change only the underlined word. 
BALANCED 



73 . 

EDIT Tins SENTENCE 

An object SINKS in water bei ause the 
force of gravity and the force of the 
water are balanced . 

If correct, copy the underlined word. 



If incorrect, change only the underlined word. 
___ UNBALANCED 



70. 

When a boat is in water and the 
forces applied to the boat are 
balanced, the boat 

sinks floats 



X 



7 ^. 

Moke up a sentence using the words below. 
You may use any other words in addition 
to the words .below, but moke sure your 
sentence includes all of the words below. 

sponge A SPONGE FLOATS IN WATER 

floats in water BECAUSE THE FORCES APPLIED 

because TO IT ARE BALANCED . 

forces 



71. 

Because unbalanced forces are 
applied to a stone in water, 
the stone 

floats sinks 



X 



75. 

A 900“lb. \dialo floats in water because 
the forces applied to it ore balanced . 
Tell the strength of the two balaiKed 
forc es applied to the ^ale. 9QQ LBS , 

Nome the directions of the two balanced 
forces applied to the wlialc. 

UPWARD AND DOWNWARD 



BEIRNCIULLI'S PRINCIELE>t 



1 . 

During a hurricane, air is 
moving still 

X 

But, on a calm day, the air is 
moving still 

X 



2 . 

An en^ty bottle contains air. 

Ihe air inside a bottle is an 
example of . 

moving air still air 

X 



5 . 

You can feel mcvlng air applying a force 
\^en you 

extend your arm sit Inside a parked car 
ftom a moving car with the windows closed 



X 



6 . 

You can see moving air applying a force 
when 



a man's hat blows 
off his head 



the branches of a tree 
bend in the breeze 



both neither 



X 



3 . 

When we tvirn on an electric fan we 
feel a breeze. 

This is an example of 

moving air still air 

X 



4 . 

Put an S below the exanq^le df still air. 

Put an M below the exaople of moving air. 

Curtains fluttering The air inside an 
in an open window. automobile tire. 

M S 



When you put your hand on the nozzle of a 
vacuum cleaner you feel a pull. 

. EDIT THIS SENTENCE 

The reason is moving air applies a 
force to your hand. 

If correct, copy the underlined words. 

MOVING AIR APPLIES A F(XtCE 

If incorrect,’ change the underlined peirt 
and make it correct. 



*The frames reproduced here are those \rtiich were presented to the subjects as 
confirmation frames after they had made their own responses. X's are used to 
indicate the correct miiltiple choice responses. 



8 . 



1 



11 . 



air inside a balloon is not moving. 
Nevertheless, the balloon holds its shape 
because the still air is applying 

a force to 
the outside 



a force to 
the inside 

X 



9. 

We know that moving air applies a force. 

It is sometimes surprising to learn 
that still air 

also applies never applies 

a force a force 



X 




10 . 




You can sip pop through a straw 
and put your finger on the top of 
the straw. The pop will not spill 
out because 



yovoc finger is 
applying a 
force to the 
pop 



the still air 
on the bottom 
is applying an 
upward force to 
the pop 



X 




Make up a sentence about the picture 
using these words. 



the water does 
not spill 

applying a force 

to the water 



THE WA.TEK DOES NOT SPrr.T. 
BECAUSE STTT.T. atr tr 
APPLYING AN UPWARD FORCE 
TO THE WATER. 






12 . 

A force can be applied by air. Conqplete 
this sentence. 

The air can be either MOVING AIR OR 
STILL AIR. 



13. 

A boy is pushing one side of a wagon with 
a force of 30 lbs. A boy is also pushing 
the other side with a force of 30 lbs. 

The wagon will not move because the 
forces are 

unequal equal 



X 



14 . 

10 lb 



Tig. A 



10 lb. 8 lb.~^| |4»10 lb. 

Pig. B 



In Fig.. A, the box will not move because 
the forces are 



equal 



■unequal 



X 



In Pig. B, the box wil3 move because “the 
10-lb. force is 

weaker stronger 



X 



A-13 
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15. 

Below, the ball 
17 lb. 

l 

o 

r 

12 lb. 



will be ptished 

up by the 
12 lb. force 



down by the 
17 lb. force 

X 



l6. 




Circle the stronger force in the 
above picture. 



12 lbs. 



18. 

Conqplete this sentexice. 

3he box will be pushed DOWN 
because THE iS-LB. FORCE IS 
SroOHGER (TBflN MB 13-LB . 
FORCE). 



19. 



18 lb. 

I 

□ 

t 

13 lb. 



A group of boys are playing tug-of-war. 
Ihere are three boys on each side. If 
one boy lets go of the rope, the amoxint 
of force on his side of the rope will 
become 



stronger 



weaker 

X 



Ihe stronger force will move the 
box to the 

right left 

X 



17. 

15 lb. ^ Q 4 10 lb. 

EDIT THIS SENTENCE 



20 . 



Part I 



12 lbs. 




changes to 



12 lbs. 



Part II 



7 lbs. 





12 lbs. 



In Part I, the ball will not move because 
the forces are equal. In Part II, the 
force on the left has become weaker. 

The force on the ri^t will 



move the ball do nothing 



X 



The box will be pushed to the T.ii^>r 
because the 15-lb. force is weaker. 

If correct, copy the underlined words. 



If incorrect, change the tmderllned words. 

right STRONGER or. RIGHT BECAUSE 

THE 10-LB. F(»CE IS WEAKER. 



21 . 

If two boys are pushing opposite sides 
of a box with equal forces, the box will 
not move. 

Con^lete the following sentence. 

If one boy should weaken the force on his 
side, the other boy will be able to 
MOVE THE BOX. 



A-l4 












Forces A and B are equal. If force 
A becomes weaker, force B will be 

stronger than A weaker than A 



23. 



Force X 
Part I l4 lbs. 




It- 


Force Y 
14 lbs. 




changes to 




Part II 14 lbs. — 






11 lbs. 


Using the words 


"BECOMES WEAKER" 


and 



"STRONGER," explain \diat happens to 
the forces when Part I changes to 
Part II. 

FORCE Y BEiCOMES- WEAKER; TMEBEFORE. 
FORCE X IS SlRCMfGER . 

What will happen to the box in Part II? 
THE BOX WILL MOVE TOWARD THE RIGHT. 



25. 

The air on one side is still but on the 
other side the air is moving past the ball. 

Ihe forces are 

equal not equal 



moving 
air 



ti 



still 

air 



X 



26. 



left 



6 



ri^t 



If we blow air past the left side of 
the ball, the ball will move toward the 
left . 

If we blow air past the right side of 
the ball, the ball >will move toward the 



right 



X 



left 



24. 



still air 






still air 



In the picture, the air is still. 

!Ihe beOl hanging from the ceiling by 
a rope will not move because the 
forces are 



equal 



X 



TUiequal 



27. 

When air moves past one side of an 
object, the moving air applies a weaker 
force. Ihus, the still air on the 
other side applies a 



stronger force 
X 



weaker force 



28 . 

When air is moving past one side of an 
object, it applies less force. Ihus, 
'the st iJJ . air on the other side applies 



less force 



more force 







32 . 

A stronger force is applied by still air, 
but a weaker force is applied by ^ 

still air moving air 

X 



In the plctm^e, air is moving past one 
side. On th3 other side, a stronger 
force is applied by the 

moving; air still air 

X 

QSie strOncer force will move the ball 
toward tho 

laft right 



X 



33 . 

A force is applied by both still air and 
moving air. Still air applies a 

stronger force weaker force 

X 

While moving air applies a 

stronger force weaker force 

X 



still air 

30 . . 

▼ 

moving air 

A stronger force is applied by 



still air 



moving air 



X 



Qlie stronger force will move the 
ball 

up down 



moving air 




•till air 



Make up one sentence about the picture 
using these words. 



the ball will 
move toward 



THE BALL WILL MOVB 
TOWARD THE LEFT 



still air applies BECAUSE STML ATR 

APELIES A STRONGER A-l6 



FORCE. 



34 . 



moving air 







still air. 



Here, the air Inoving past the ball 
applies a 



weaker force stronger force 

than still air than still air 

X ~ 

Ihe ball will move to the 
left right 



X 






35. 



moving air 




still air 



Make up one sentence using these words. 



the ball will 
move toward 

because air moving 
past the 

still air 



THE BALL WTT.T. MOVB 
TOWARD THR T.KFT 
BECAUSE AIR MOVING 
PAST- THE BAIJ, APPLIES 
LESS FORCE THAW STTT.T. 
AIR. 



36 . 

EDIT THIS SENTENCE 

Still air applies a weaker force than 
air moving past an object. 

If correct, copy the underlined words. 



If incorrect, change -the underlined words. 
MOVING AIR 






38 . 



EBIT THIS SENTENCE 

If we blow air past one side of an 
object, the still air on the other 
side will push the object toward 
the moving air . 

If correct, copy the underlined words. 

THE STILL AIR ON THE OTHER SIDE WTT.T. 

PUSH THE OBJECT TOWARD THE MOVING AIR . 

If incorrect, change the underlined words. 



39 . 



■till air ^ 
Hie weaker force 




left right 



moving air 



X 

The ball will move toward the 
left rlgtht 



37 . 



X 



moving air 

~r^ 

O 

t 

■till air 



Complete this sentence. 

The bell will move UP because 
STILL AIR APPLIES A STOCTGER FORCE 
THAN THE AIR MOVING PAST TOE TQp7“ 



to. 

If you want the paper to move upj 
past ^ich side would you blow air? 

X past the top 




.past the bottom 



4l. 

The fas-ter air moves, the less force it 
applies. Thus, as air moves faster tho 
amount of force it applies becomes 

stronger weaker 



X 
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k2. 



Air moving at Yf miles per hour applies 
less force than air moving at 12 miles 
per hovir. 

In the picture, put an X under the amount 
which is applying the smaller force. 



15 miles per hour 



/b 



30 miles per hour 



kk. 



10 m.p.h. 



O 



3 m.p.h. 



*»lower air moves the wore force 
it applEes. Thus, a stronger force 
is being aj^ied by the air moving at 



10 m.p.h. 



^ m.p.h. 
X 



A-18 



45. 



Put an X in front of the stronger force. 
^ 6 miles per hotir 

~6~* 

¥ 



13 miles per hour 

The stronger force will move the ball 
down 



46. 



43. 

In eeu:h exaaqple, put 
an X in the box 
vhere the air is 
applying a smaller 
force. 


c 


1 3 miles per hour 


B 


I 5 miles pe/hour 


17 miles per hourU 


0 


8 miles per hour 


r-T 

1 1 14 miles per hour I 


□ 


4 miles per"" hour 



In the picture below, which force will 
move the ball? 



m.p.h.^^ ^ 



47. 

20 m.p 




Ok./ 

/ 30 m.p.h. 



EDIT THIS SatTENCE 

Above, the air moving' at 30 mdLles per hour 
is moving faster but it applies less force . 

If correct, copy the underlined words. 

IS MOVIHG FASTER HIT IT APPLIES lESS FORCE 

If luconrect, change the underlined words. 



48. 



Mike up one sentence using these words, 
slower THE SL0W5R AIR MOVES THE 

air STROWQER THE FORCE IT 

stronger force AETLIES. 



il 



0 






A 






I 



49. 



Make up one ocntence usi.i^ thoee vords. 
air TUB FASTEK AIR MOVES ons 
faster WEAKER THE FORCE IT 
force AEELIES . 



50. 



1C Bdles per hour 

— ; r-> 



6 iBllei per hour 

What will happen to the uabrella? 
Explain \diy. THE UMBRELLA WILL BE 
PUSHED UP BECAUSE THE SLOWm 
MOVBIG AIR IS APPLYING A STRONCffi R 
UPWARD FORCBT" “ 



51. 

When an airplane is in flight, air 
is moving past it. 

Bie airplane st^s iip because air* 
is applying a 

stronger force stronger force 
on the bottom on the top 



X 



53. 

An airplane wing is shaped 
like this. 

Coopare the distance along 
the top to the distance along the 
bottom. 

!Ihe air moving over the must travel a 
shorter distance farther distance 



X 





Starting at A, the air moving past the 
curved top of an airplane wing and the 
air moving past the bottom will arrive 
at B at the same time. 

Oto arrive at B at the same time as the 
air on the bottom, the air on the ^ 
must move both farther and 

faster slower 



X 



52. 

If a stronger force is on the bottom 
of an airplane, then a weeiker force is 
applied by the air moving past the 

top of an bottom of eoi 

airplane airplane 



X 




Because the top of an airplane wing 
is curved, the air moving past the 
top must move farther and 

faster 
X 
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slower 



56 . 

nie faster air noves^ the les s force 
it applies. "" 

'IhuB, the faster air moving past the 
top of an edrplane ving applies a 

stronger force to veaker force to 
the top of the wing the ■txjp of the wing 

X 

Die slower air moving pest the bottom 
of the wing applies a 

weaker force to the stronger force to the 
bottom of the wing bottom of the wing 



X 



57 . 

Air moving past the to£ of an airplane 
wing 

moves faster moves slower 

and is weaker and is stronger 



X 



58 . 

EDIT THIS SENTENCE 

A stonger force is applied by the 
faster air moving past the top of 
an airplane. 

If correct, copy the underlined words. 



If incorrect, change the underlined words. 
A WEAKBK FORCE 



60. 




¥ 



On the bottom of an airplane wing, the 
air travels a shorter distance and moves 

faster slower 

X 

nie air on the bottom applies a 

stronger force weaker force 

X 

Itae airplane stays up because the force 
applied to the wing le stronger at the 

bottom top 

X 



6i. 

EDIT THIS SENTENCE 

Bie air going past the aliplane wing 
moves slower and applies a weaker force 
to the bottom of the wing. 

If correct, copy the underlined words. 

If Incorrect, change the underlined words. 
LONGER FORCE 



62. 

Make up one sentence using these words, 
air moves ON THE BOTTOM OF AN 

bottom of the wing ATOELANE WING AIR MOVES 
force to SLOWER AND APPLIES MORE 

FORCE TO THE BOTTOM. 



59 . 

Make tq? a sentence using these words. 



top of an airplane 
wing 

moves faster 
force 



ms AIR KPyitfg OYBR 
AIR- 

PLANE WING MOVES 
FASTER AND APPLIES 
LESS FORCE. 



A *"20 



63 . 



Write weaker on the side where air 
applies less force to the wing. 



Write stronger on the side where air 
applies more force to the wing. 







6k. 



EDIT TECS SENTEafCE 

An airplane rises because the slower 
moving air beneath the wing pushes 
it up . 

If correct, copy the underlined words. 

TH E SLOWER MOVING AIR BENEATH THE WHIG 
PUSHES IT UP . 

If incorrect, change the underlined words. 



65. 

Cooqplete this sentence. 

On an aulrplone wing the stronger force 
is on the BOTTOM because THE AIR OW THE 
BOTTOM IS MOVING SLOWER THAN THE AIR OW 
THE TOP. 



66 . 

Complete this sentence. 

An airplane stays ig? in the air because 
THE SLOW MOVING AIR (»f THE BOTTOM APPLIE S 
A STROWGER FORCE. 
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Visual Answer Booklet « Archimedes* Principle 
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□ 



S 
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□ 
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□ 



□ 
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□ 



Pdil* 5 






□ 

5Jr 



□ 
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□ 
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□ 
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□ 






8 


■ 
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□ 







□ 
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1? 
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Visual Ansver Booklet - Archimedes* Principle 
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Vlstaal Answer Booklet - Archimedes* Principle 
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rtOK I 




□ 




□ 
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Vlsial Ansver Booklet - BemoiiUl's Principle 
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Achievement Tests 




ARCHIMEDES' FRINCIELE 



Part I - Flll-lns 

1 . A 500 -lb. rowboat floats In water because the forces applied to it are 

. • 

Obe upward force of the water applied to the rowboat is 

stronger than 500 lbs. 

equal to 50O lbs. 

less than 500 lbs. 

2 . An anchor sinks in water because the forces applied to it are 

3. In order for two forces to be balanced , vb&t must be true about the strength 

and the direction of the two forces? — 



4 . We say that two forces are imbalemced if the two forces are 



5. Tell what happens when balanced forces are applied to a baseball at rest 
on the ground. 



6. Two boys are pulling a rope. One boy applies a l6-lb. force to the left. If 
the two boys apply balanced forces, \diat force does the other boy apply? 



A~29 




Achlevensht IDeata •• Archlnodos* Principile 

wood floats in mter^ two forces are applied to it. 
Ttell thFiga^ and direction of these two forces. 



8. In a tug of war, if unbalanced forces are applied to the rope, what will happen? 



Bart II 

piere are five examples below of different cooblnatlons of forces applied to 
objects . For each conblnatlon, check vheih^r the f<n:ces are balanced or unbalanced 
whether the object to idilch the forces are applied will no've. 



The forces are: 
balanced unbalanced 

1. two 47 -lb. forces 

— -■ applied in the 

same direction 



The object will: 
move not move 



2. two 3.0-lb. forces, 
one applied upward 
the other applied 
down 



3 . two unequal forces 
applied, both applied 
in a rle^t-hand 
direction 



4. two unequal forces 
applied in opposite 
directions 



5» a 5-lb. force applied 
toward the iBast and a 
5-lb. force applied to 
the Wbst 

A -30 



Achievement Tests 



BERNOULLI'S PRINCIPLE 



P&rt I - Fill-Ins 



1. A ping pong ball is hanging by a string, as in the example below. 



STIL.L 



6 



moving AII^ 



a. If we blow air past the ri£^t-hond side of the ping pong ball, in 
>^ch direction will the ping pong ball move? 



b. Why does it move in that direction? 



2. Why is an airplane supported in the air? 



3. In the example below, \*iat will happen to the paper? 



Explain idiy. 



ZO PBK HDUR^ 

MOVING ^ 



/ ^ 

MOW IN* ^ 

to mil.es per. l\our 



Achievement Otests - Bernoulli's Principle 



\ 



4. Draw an airpleme wing. 



a. When the airplane is moving adr applies a stronger force to one part. 
To vhich part of the airplane wing does air apply the stronger force? 



h. Why is the force stronger there? 



5 . . If you put a ping pong ball in a funnel and turn it topside down^ it vould fall 
out. If you vant^ to keep the ball from falling out >Mle the funnel was 
upside dovm, past which side would you blow air? Put an X ih front of the 
correct answer in the picture below. 



Explain you chose that answer. 



6. When there is an Increase in the speed of air, what happens to the force 
it applies? 



past the top 




past the bottom 



Achievement Tests - Bernoulli’s Principle 
Part II - Multiple Choice 
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i 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



1. 3he smallest force is applied by 

air moving past an object at 10 miles per hour. 

air moving past an object at 15 miles per hour. 

air \rtiich is not moving. 

2. During a hurricane tlie air is moving past the top of the house but the air 
inside is still. What will happen? 

Hie still air vill pull the roof down. 

Hie still air will push the roof up. 

nie moving air wil3, push the roof down. 

The moving air will lift the roof i:®). 

3. When a convertible automobile is moving along a hi^way, the roof may be pushed 
up because 

the moving air is applying a stronger force, 
the still air is applying a weaker force, 
the still air is applying a stronger force, 
none of the above. 

h. If air starts to move past the right-hand side of an object, ^t will happen? 

Wie force becomes weaker on the ri^t-hand side. 

Ihe force becomes stronger on the ri^t-hand side. 

The force beccaoes weaker on the left-hand side. 

The force stays the same. 

None of the above. 

5« One of the reasons an airplane flies is 

the force applied to the bottcan is weaker. 

the force applied to the top is weaker. 

the force applied to the top is stronger. 

the forces are equal. 

none of the above, A-33 





AN ATTITODB SCALE 



A. For esuih of the experiments vhlch you just saw, put an X in the column ^Ich 
shows \<hether you would like to try it yourself. 



Would like 

to try it Would like No interest 

very much. to try it. in tzylng it. 

_ _ 



2. release ping pong hall in middle 
of tank 




!• blowing air past candle flames 



i 0 



r 



3 • blowing air under paper 




K. 



putting different nunibers 
of blocks on each side so 
that the car will move 




turning glass of water tgpslde 
down 







o 

ERIC 



hiaifiiifftaiTiaaa 



•v?- 







A % 






An Attitude Scale 



I 



Would like 

to try It Wbuld like 

very much* to try it. 



No Interest 
in layinjg it< 



6 . fi nding out how to distribute 
tne blocks to make the car 
move to the riicdit 




7. blowing air past top of paper 




8 . putting the ri^t number of 
blocks on each side so car 
dQegn*t move 





10 



release heavy ball at tc^ of 
water 




An Attitude Scale 



B. Which way did each of the following experiments turn out? Put an X next to the 
picture ^ch shows lAich way it turned out. 



It turned out 
•teis way. 



It turned out It turned out 

this way. this way. 




2. release ping pong ball in 
middle of tank 





» 









ilM 






3. blowing air tmder paper 









4. putting different numbers 
of blocks on each side so 
that the car will move 




turning glass of water 
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An Attitude Scale 









It turned out 
this vay. 



6. finding out how to 

distribute the blocks to 
make the car move to the 




It turned out 
this way» 






It turned out 





i 





7. blowing air past top of 






of bldcks on each side so 
car doesn»t move 




i 

j 



I . 



9. blowing air past an air- 
plane wing 




10. release heavy ball at 
top of water 
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An Attitude Scale 



C. If 20 U tried each of the following eaqperinents yourself, which way. do you 

they would turn out? Put an X next to the picture \dilch shows idilch way you f.Mnir 
it would turn out if you tried it. 

It woiad turn It would turn It would turn 

out this way. out this way. out this way. 



1 . 



blowing air past candle 
flames i . 








2. release ping pong ball in 
middle of tank 






3* blowing air under paper 







4. 



putting different numbers 
of blocks on eroh side so 
that the car will move 




turning glass of water 
rqpside down 
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An Attitude Scale 



I 




It would turn 
out this way. 



It would turn 
out this way. 



It would turn 
out this way. 



6 . 



fi n di ng out how to 
distribute the blocks to 
make the car move to the 






7« blowing air past top of 




8* putting the right number 
or blocks ^ e^h side so 
car dnwBw .«t move 




9* blowing air past an air- 
plane wing 






10* release heavy ball at 
top of water 














r:y 

i 

I 






<MmE 
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An Attitude Seale 



D» When these esqperiaMmts were done on the screen^ they cane out a certain way. 
If jrou did these experlnents ycjurself, which way would they cone out? Put 
an X next to the picture \dilch shows which w^ you think It would turn out 
If you tried It. 



It would turn 
out this way. 



1. This Is idtat happened ^en air 




It would turn It would turn 

out this way. out this way. 




2. This Is ^diat happened when the 
ping pong ball was released . In 
middle of tank. 




r 










ivf 




‘ i-l 


Eg ^ mmmrnmtmtim 




Blilfiyliyi 





3« This Is what happened when air 
was blown under paper. 





4. This Is what happened when 
different numbers of blocks 
were put cm each side so that 




This Is vbnt happened idien 
a glass of water was turned 














An Attitude Scetle 






i 



r 

i 



I 



I 



i 



It would tu:ni 
out this way. 



It would turn 
out this way. 



It would turn 
out this way. 



6. This Is what happened \dien we 
found out how to distribute the 
blocks to make the car move to 






7* !Ihls is \diat happened when air 





8. This is \diat happened when the 
ri^t number of blocks were put 
on each side so the car dldn»t 






9. This is what happened when air 




10. !IMs is \diat happened vdien the 
heavy ball was released at top 
of water. 




! 
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An Attitude Scale 



E. What reaeonfs) would you have for trying each of the following experi»ent8 
yourself? 



Just curious to To check to see Don't believe it 

see how it would if It would com would com out 

COM out. out the saM way. the saae way. 



1 . 



blowing air past 




candle 



2. release ping pong ball 
In middle of tank 




3* blowing air xmder paper 




4. putting different numbers 
of blocks on each side so 
that the car will move 




A-42 



turning glass of water 
upside down 



An Abtltude Scale 
6. finding out how to 
distribute the blocks 
to laake the car move 




Just curious to Ob check to see Don»t believe 
see how it would if it would cone would cone out 
come out* out the saae way* the same way» 



7 . 



bloving air past top of 




8. putting the right nuniber 
of blocks on each side so 
car doesn*t move 




9. blowing air past an air- 
plane wing 




10. release heavy ball at top 
of water 




F. In a sentence or two, tell tdilch experiments you preferred seeing and idiy, 
the live experiments or the experiments done ih ahinatlon. 
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uAiomn m(M A ?RO(SMii» 



1 . 

Hits It a. ntv kind odP Itttoa, oalltd a 
‘’srofraa.* A srofraa dott lOlff try to 
find out ubat you alraady know. Slaoa 
an X in ona of tha two booctt btlow. 

A prdcraa A prograa it 

it a tost. not a tatt. 



2. 

A«nioa tblng al>out a profraa It that 
avaryooa In tha clatt ^doatn't bava to 
flnlth at tbt taat tjbit. Tbit atant 
that in a prograa you work 

at tht taaa tptad at your own 

at artryona alta hatt tptad 



3 . 

John llktt to work a littla tlowar than 
Mary. They both learn well froa a program 
becauea in a program they work 

at their at the tame tpeed at the 
own tpeed reat of the data 



5 . 

Make up a aantanoa. 

Uta all tha wordt liotad halow. MA 
any ivlra worot you naa4 io make a eoapOata 
aantanoa. Mrlta your aantanoa halow. 

progm^ 



6 . 

It doean't make any dlffaranoa how flaat 
or slow you work at Iona at you work 
accurately. You mutt rWifibar to 

azunrer without Jread the page 

reading the carefully and 

page carefully anawer acourataly 



7 . 

£rograma help you hy tailing you things 
hefoCT taking you queationa about then. 

You learn hy 

answering tha fueationa zraading carefully 
without reading then anawsring 

carefully tha fueationa 




k. 

IDIT IBIS SSHTKIIOX 

When he , worked on a program^ Boh worked 

at the same tpeed at everyhody else in 

Zf the underlined part of the aentanca ia 
correct, COPY it. 



’2DIT THIS 3BITBKJX 

Peter nearly always got hit anawera 
right In the program haoauaa he 
read the page carefully first . 

If the underlined part of the aentenoa ia 
correct, COPY it. 



tbe unieriinad part la incorraciT 
CaOKM it. 



Zf the undarJ 
CHAIKHI it. 



KHT'. 



pari ia incorrect,' 



jhraTMO reproduced here are those lAlch weire presented to the subjaota at con- 
firmation fraaaa after they had made their own reaponaea. X'a are used to indicate 
tbe corraot multiple choice reaponaea. The first nine frames did not have confirma- 
tion ftramaa. 
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9 . 

It's «My to itt corr«ot ansirar* In « ■ 
profrai m lone aa you aoawar aoouMtaly. 
Katl* WM owralam and IsMewata la 
witlag her aaia a r i, ao tharafora alia 
<lda*t 



10 . 

IWm at a aantaaoa vhich loclufiaa all 
tha aorda llatat baloir. W*ita your 
ooatlata aaatanaa ImIow. 

oorraot anawara 
raad car alaaal y 



10a. 

CHBcmo Bua 

3!hla la a cbacklng paga. Brograaa 
uaually bara cbtckl^ P«CM lilea 
thla ona. 



Bm aantanca you Juat vrota doaan't taava 
to ba axaotly Uka tba ooa baloa, but it 
abould tan tha aat. 



YOO CAM«T Q IT THE COBBOKT AXSWIRS 
Ycte HMD M 



11 . 



12 . 

It la aaay to gat tba rl^t anavara If 
you ara told tha anavar flrat. But you 
alwaya laara battar If you flgura th<« gp 
cat for yaaraalf . 

You laara til trm a protran baoata 

3TOU aat irttlaa 

you oaa look la flcurmg out tha 
ut tha attra aaatra for yawraaJf 

X 



13 . 

Saaobara hara dlaconrarad that atuteata . 
ratabar tat la In a laaaon If thay find 
out vbatbar tbalr anatr la oorraot right 
jtftar tbay hat flgurad It out. lhay 
fgjgfc U tbay look at tba anatr 

without trying aftar tbay bat 
to f Igut It out flgurad It out 

X . 



14 . 

If you f Igura thlnga out for youraalf 
Inataad of copying tba anawar you 

forgat qulckar raaaabar battar 

X 



You'ra auppoaad to laam algabra. 

If you alaiply copy aotbody'a anawar on 
ooa prOblaa, latar on 

you will ba abla you won't bo abla 
to salt other to aolt otbar 

problat by youraalf problat by youraalf 



X 



15 . 

k prograa la not a taat, but aftar you 
hat finished tba prograa you usually 
taka a test. !Zha way to reaeabar thiwgp 
In a prograa and to pass tba tast after- 
wards Is to 

Just copy tba figure tba answers 

•uawars out for yourself 

X 
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l6. 

Tbt dMcklns pec* Is for chscklng your 
•nswtr aftsr you hsvs flgursd it out. 

It tolls you It your snswtr um corroot. 
You sbonlA look at tbs oboddLof pact 

M oro you f Icuro aftor you flguro 
out the answtr out tbs ansvor 

X 



You can cot tbs ri^t answers on a 
prognM Just by copyinc tbssi. If you 
do copgri lator. on 



you will bo ablo 
to do now probloni 
by yoursolf 



you won't bo sblo 
to do new proiblons 
by yoursolf 



X 



17. 

You rosMHbor lessons better If you 

flguro answers out 

for yoursolf copy answers 

X 

Therefore, in a progran it is i^^tant to 

look at the checking write your answer 
page first and then first and then look 
write your answer at the checking page 

X 



18. 

The way to learn how to solve problens 
by yourself is to 

get poractice in Just look up the 
solving then answers 




21 . 

EDIT THIS SXMTENCE 

A reason people rensnber so well what 
they leom ftron prograns is that they 
can copy the yswsr froai the checking 
page ^-ttiout first trying to figure 
it out jlTcr tboswelves . 

-ly . ...I 

If the underlined part of the sentence is 
correct, COPY it. 



If the underlined part is Ixicorrect, 

CHA1K95 it. 

nOUBE mt AHSWER GOT TOR THBNBELVES FIRST 
AilD THBT LOOK AT THE CBBCloAfO BU3B lb l3EE ' 
^ 3t!P*S Rig 



22 . 

Ccnplete this sentence. 

You are more likely to forgot idiat/'s In 
a progran if YOU SlIinY c6pY IHB AHSWERS 
FROM THE CHBCgiTO JEAQE. 



19. 

Being able to look answers up on the 
checking page is Inportant, but It 
only helps you to renenber if you 

nerely copy the practice figuring out 
answers from the the answers first and 
checking page then chock then 



23. 

It is inportant to flguro out answers 
for yotorself in a progran because it 
helps you RBIEMBER for. UHDBRSTAED, LEARN ) 
better. 



[ 



I 

I 

I 

I 

i 

D 

n 

n 

0 

w 

n 



n 



11 



n 

n 

D 

D 

I 



2kf 

Sw pbytics tMcber told the class they 
vara going to taka a prognus, Zba progran 

would. Mod JtyW QU8B ■■ 

tlons. Ibara vould ba no grade given for 
the voirk^ because a prognua 



Is not a test 



Is a test 



25. 

You can learn new subjects by answering 
questions In a prograa like this one. 

A progran Is siqpposed 

to teach you to test you to see 
sonethlng new vbat you already know 



26 , 

EDIT THIS SENTENCE 

Althou^ you answer questions In a 
progran, a program Is Just like a 
test . 

If the tinderllned part of the sentence Is 
correct, COPY It. 



If the iinderllned part Is incorrect, 
CHANGE It. 

NOT LIKE A TEST 



27. 

Make up a sentence which Includes all the 
words listed below. Krlte your complete 
sentence below. 

progran A HlOQRAM IS NOT A TOST , 
test 
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28. 

Cooplate this santanca. 

Even tbou^ you answer questions In a 
progran, you don't gat grades because 
a program IS SUPPOSED TO TEACH YOU 
SOMETHINQ mm » ' BBt TO ! 



29. 

Jim and Dave both worked on a 
They both got the ri|^t answers In the 
progran, but Dave had nerely copied his 
answers each tine. Later on, when they 
were given a test, jin r esw i ifci i- e d better 
end got a better tesi score. Nbyt 
JIM REMEMBERED HEmtR HKAUBE WH IU 
WORKENQ OXi THE H tOQRAtf^ 

ANSWERS OUT !if(!)fe 
THEM AFTEHf 






30. 

When a teacher has you figure answers out 
on a test. It's becatise the teacher wants to 




find out vHmt you 
have already learned 



teach you 
sonathlng new 



When 
In a 
wants to 



a teacher has you figure answers out 
progran. It's because the teacher 



find out >diat you 
have already learzMd 



teach you 
something new 



31. 

What Is ths difference between a progran 
and a testf A HUXSAM IS KEAET SO TEACH 

YOU PdSEJ^ KNOW. 



ERIC 










I 

I 



You vUl b« tursrlMd hov much this 
srogm bM tai«ht you alrMdy. 
mxk tlM statsMnts holoir u **T" 
(tnw) or ”9” (fhlM). 




35. 



n 



A progna Is a test. 9 



You can get your aoswars correct In 
a prograa if you read carefully. T 

You all have to work at the saae speed 
In a prograa. F 

Zt Is not Inportant to work accurately. F 

After you have given your ansver^ the 
prograa has a checking psge, which tells 
you If your answer was correct. T 



After you f^sh a program, you soae- 
tlass are given a test to find out \Aukt 
you have learned. What la the best vay 
to work’on the prog-am In order to get 
the heat nark on tte test given after- 
wards? 

IT'S BEST TO OHr TO 71G0RE OUT PRQHLFi ia 

FIRST AKD lUlfiN CUE9C!K TO SEE IP THE 

XWBWERS Anfi RIGHT. 



Mrlte a few sentences describing what 
you have learned about programs. 

A raOCfflAM IS MEANT TO TEACH YOU 
SOMETHINg. HOT TO -TOST YOU . 

YOU MUST READ CAREFULLY BEFORE 
YOU ANSWER ." 

AS LORO AS YOU WORK ACCURATELY 
YOU CAN WORK AT YOUR OWN SPig^n , 

YOU CAN REMEMBER THIRGS BETTER 
IF YOU LOOK AT^THE CHECK3RG P AGE 

arusR YOU nkVa written your 

ABSWHt. ” 



33. 



34. 
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FORCl HHOOMm 



1 . 

Wi My that an object is “at rMt" 
it iiis*t Boying. An, autoBobllt ig at 
raatvfira it is 

ptrkad sptading 

X 



6 . 



A «n m aak« a wicoii start to mov if 
bs appUts a foroa to It. Bi can apniy 
a fore# to tb# Mfoa by 



fittlnc In bask gottlns la front 
and pushing it and pulling it 



2 . 

A ball is at rest idisn it is 

lying on rolling off 
a table tbs table 




3 . 

Maaa you pub a book which is 
lying still on a table, the book 
will 

J^aaaln at rest start to stove 
X 



either way 




7 . 



EDIT THIS SENTERCE 

When a stun pushes a box, he is 
applyi ng a force to the betac . 

Kthe underlined part of the sentence is 
correct, copy the underlined words. 

_ aerly ho a force To the BOac 

If the underlined part of the sentence 
is incorrect, change the underlined words. 



k. 



Va use the words "apply a force" 
whenever soneone pushes or pulls an 
object. If a man applies a force to 
a ball, the ball will 

resiain at rest start to stove 
X 



5 . 

If a Sian doesn't apply a force to a booc. 
the box will ' 



8 . 

Make up one correct sentexuse out of ww. 
of these words, ihey can be in any order 
you want. You can change the tenses of 
^*bo verbs if you want . You can add any 
words you wnt to ssdee a cooqjlete sentence. 



apply a force 
by pushing or pulling 




YOU APELY A POBGE TO 
OBJECT BY HTgHTWr> 
OR Pttr.T.Tifn TO! 



resialn at rest 
X 



start to stove 



‘'^illie frastes reproduced here are those idilch were presented to 
co^izmtim frastes after they had xnade their own responses. 
ind i ca t e the correct siultiple choice responses. 



the subjects as 
X's are used to 
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EDIT Tflzs aramcs 

Wm a Mm appUea a force to a cart, 
the cart iH H <« i at reat . 

If the underlined part of the aentence la 
correct^ copy the underlined worda. 



When a aallboat ataya pbrfectOy atlU In 
the iBlddle of a lake^ It'a becauae 
EO FORCE IS Bamn APpr.Twn 



If Incorrect, change the underlined worda . 
WOT RBMAlH AT REST or START TO MOVE 

10 . 

Make up one sentence using *n these words 
and any other words you need. 

baby carriage WHEW YOU ABEL! A FORCE 

apply a force to TO A BABT CARRIA flW. u 

start to move WILL START TO MOVE or 

THE BABY CARRTAme 

STARTED TO MOW! WHWW 

THE MAW APPLTRD A 

FORCE TO IT. 



13. 

If you push something In a forward direc- 
tlon, the direction of the push Is said 
to be 

forward backward 

X ~ 

Since a push Is one kind of force, we can 
also say that the direction of the force Is 

forward backward 

X 



Ik. 



If you pull a bucket up to the roof with 
a rope, the force pulling on the bucket is 



In a In a 

right-hand left-hand 
direction direction 



In an 
upward 
direction 



11 . 

Make up one sentence out of these 
words. 



___X 

In a 
downward 
direction 



apply a force IF YOU APELY A FORCE 
remain at rest TO AW OBJECT^ tt uttt. 

HOT REMAIN AT REST or, 
IfflLESS YOU APTLY A FORCE 
TO AN OBJECT. IT UTT.t. 
RBMAIW AT REST. 



When you throw a ball up In the air, you 
are applying a force to the ball in 

an upward a downward 

direction direction 

X 
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16 . 



Whtn you push a tax tounrd tba door, 
you art tppl^lnf a forot to tbt booe 

la a dlrtotlois ±a a dlrtotlon 
tofwa rd tba door amy teem tbo door 

X 



oms SSRmCE 

K you push an objact forward and tba 
objact Boyag forward, we would say 
that tba foroa and tbn movaaisnt art 
la the oppoaif dir>i^+A^r. 

If tba underlined worde are correct, 
copy then. * 



17. 

You apply a force to a box; if you applj 
a force la a right-hand direction, the 
box will aova In a 



right-hand left-hand 

faction direction 

X 



Bxuipla of a force and aiovement 
08 la tbe eaae direction le when 
pueh clothee down In a vu^ m r e r 
the clothee 



nove up move down 




ou push a box toward the left, the 
will move to the left, ihe force 
apply and the oovement of the box 

In the same in opposite 
direction directions 




If Incorrect, correct them. 
IM THE SAME PIRgGOTOW 






If a wagra moves because you have appGLlad 
a force to It, the direction In which the 
wagon moves and the direciffai of th* frmnm 
you applied to It are 



opposite 




22 . 



If an object moves because a force Is 
applied to It, the object vtn 

If the underlined part of the sentence is 
correct, copy the underlined wdrds. 

THE QBJBGT 
Aa THE FORGE 




If Incoirect, change the underlined words. 



23. 



Make up one sentence out of these words. 



a cart will move 

la the same 
direction as 



A CART WILL MOVE IH 
SAME DIRECTIOy AS THE 

force applied To it. 
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2k. 

K wifoa will ftarb to aov* towK^ 
tbo «Mt only If Tg fOBCl ABElllD 
18 TOmBD OBI lASg. 



29* 

Italn igp your oun txMgtlt of vbtn tho 
dilrootlon of a fooroa and tha dlraotlon 

of tba Bovaaont ara tha aaaa. 




26 . 

Opa Ban oan’t puah a atallad oar by 
talBaalf . nra Ban oan puah It, 
baoauaa tba foroa tbay apply to tba 
car la 

atrooc anoui^ too vaak 
X 



27. 

A larfa bouldar la HOT llkaly to ba 
Bovad whan tba forca appUad to It la 

waak atrong vary atroog 

X 



28 . 

Whan tha fooraa appUad to an objact la 
too waak, tha objact will 

atart to aova ramaln at raat 
X 



BXET ms SMTBIOX 



Whan tha foroa apBllad to an obJaot 
M atrona anouah . tiba oibiact will 
atart to Bora. 



If tha aantanoa la oorraot, copy tha 
jndarllnad wprda. 




If tba aantanoa la 
undvXiiMid vovdSa 



Inoorraot, ohanga tba 



30. 

Haka up ona aantanoa out of thaaa worda. 
foroa U TBM fOROl W1 USOX TO AH 
too waak OBJIOT IS TOO WMC. THl OBJIOT 
Bova WILL HOT MOVl. 



31. 

Iba atrangtb of foroaa la naaaurad In Iba. 
lha atrongaat foroa la tba 

10-lb. foroa S-lb. foroa ^-Ib. foroa 
X ___ 

32. 

Co^para a 200-lb. foroa and a 100-lb. foroa. 
Tba 200-lb. foroa la 

atrongar waak a r 

X 



33. 

A IDO-y). forca la llkaly to aaka a 
atallad car nova than a 200-lb. foorca 
baoauaa tba jOO-lb. forca la 

waakar 



ttrongtr 



34 . 

W# talk alwut how ffmm a foorct 1«. yf 
talk about bow aucb a forca waiaha. 

If a Ban appllaa a 30-lb. forca 
tha 30 Iba. talla ua 

how atroog tha how auch tha 

forca la forca wal|^ 

X 



35. 

A ”*n»a wale^t la aaaaurad In Iba. Iha 
STRBMQTH of fcrcaa la ALSO aaaaurad In 
« • 10-lb. force ia apiillad to a 
m, 10 Iba. talla ua tha 

atrength of weight of 

tha force the force 

X 



36. 



When we talk about a force of 15 iba. or 
25 Iba . f the num be r of Iba . tella us 

how much the how strong 

force weighs the force Is 

X 



38. 

A boy was Just baraOy able to make a wagon 
■ova whan ha applied a forca of 45 lbs. 



If tha boy had applied lass force, 
t^ wagon wQ»ia n«t move because 
the rorca would noi be airon g"" 
enough . ‘ 

If correct, copy the underlined vorda. 

^ WOULDT T MOVB H M^SB THE XORGl 

WOULD HOT BE siRoifQ 

If Incorrect, aska It correct. 



39. 

A man pushed a cart with a force of 25 lbs. 

EDIT irazs signmiE 

The nuBher of lbs. tells us how much 
the force weiftfis . ■ 

If the ijnderllnad part ot the sentence 
Is correct, copy tha underlined words. 



If Incorrect, change the underlined words. 
HOW SraOWQ THE EORGB IS 



37. 

Compare a 30-lb. forca and a 10-lb. 
force. Ohe 30-lb. force 

weighs more is stronger 

X 



4o. 

Make up one sentence out of these words. 

we measure WE MEASURE THE SIRBHQTH 
of a force OF A EORGB rn T.wt . 

In lbs. 



41. 

Construct a sentence out of these words, 
raaaln at rest AW OBJECT WHL RIMAIH AT 
REST g THE FORGE. APPr.nm 
strong TO IT IS WOT 3IROWO BTfffTriBr 
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k2. 



mcM up your own oxuqpl* of a oltuatlon 
whtro iOMthinc doesn't aove bocauM 
the force applied to it len't strong 
enou|^« 



ir A BOf 
KWFf __ 
sa^itoiaiftkg: 



TO UFTA GAR. 




THI GAR 

PTT- 



^ 7 . 

n»e strength of a doimward force which an 
dbject applies to a tSble depends on the 

weight of weight of 

the object the table 

X 



^ 3 . 

A 3 -lb. book on a desk applies a 3 -lb. 
dowmiard force to the desk. A 10 -lb. 
box on the desk appOLles a downward 
force to the desk of 



3 lbs. 10 lbs. 




44 . 

A l60-ib. nan standing on the floor 
applies 

a downward force an upward force 

of 180 lbs. to of 180 lbs. to 

the floor the floor 

X 



45 . 

Ihe more an object weighs, 

the stronger the the weaker the 

downward force downward force 

It applies It applies 

X 



46 . 

Compare a 2000 -lb. and a 3000 -lb. auto- 
mobile. Ohe downward force applied to 
the road by the 3000-lb. car Is 

stronger weaker 
X 



Wa want to put one box on a table, but 
the table Is In danger of breaking. It 
would be better to select the 

200-lb. box 230-lb. box 

X j 

becaxise It will apply a 

weaker stronger 

downward force downward force 

to the table to the table 

X 



49. 

A pile of books Is lying on a table. If 
we know how much the books weigh, we 
also know 

the strength of the the weight of the 
downward force applied downward force which 
to the table is applied to the 

table 

X 



50. 

A 15-lb. box Is resting on the floor. 

Ihe box ohe strength of the 

weighs downward force on 

15 lbs. the floor Is 15 lbs. 



both neither 



r i 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



51 . 

A 95-lb. boy lying on • bad appllag 
« aoiwnwird force to the bed of 



iQie than 

95 Ibe. 



exactly 
95 lbs. 



store than 
95 Ibe. 



52. 



EDIT THIS SENTENCE 



A 30-lb. bag of sand applies a down- 

ward force of leea t>i»n 

too ground e ~ 

» the underlined part of the sentence 
is correct, copy the underlined words. 

If Incorrect, change the underlined words. 

^ igysnrpr. Y 30 LBS. TO 
laE UHOUHD — 



53 . 



riok f 



Make up one sentence about this picture 
using these words. 

downward force THE STRENGTH OP THE 

downward force APPr.Trm 
BY THE BOX TO THE TABLE 
DEPENDS ON HOW MUCH THE 
BOX WEIGHS. 



applied by the 
depends on 
weighs 



54. 

An object lying on a table applies a 
d^ward force to the table, ihe strength 
of^the force Is equal to THE WEIGHT OF 
THE OBJECT. ~ ■ 
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55 . 

Conplete this sentence. 

^ to nove only If 
YOU APPLY A FORCE TO T»P. “ 



56 . 

®PPly * force to objects? 
BY HJLLINQ IHBM OR HJSHDfQ THEM. 



57 . 

tte d^ectlon In which an object sieves 
depends on THE DIRECTION CP Ttm vnnnv 
applied TO I^ ~ 



58 . 

^ object will resaln at rest tsaless the 
force you apply to It la STRONG ENOUGH . 



59 . 

How siuch downward force does an object 

®^Yace on which It's lying? 
A FORCE equal TO its WETfliTP . 



6o. 

When a 30-lb. object Is on the ground, 

object do to the ground? 
APPLIES A DOWNWARD FORCE OP T.tw 
^ THE (ffiomm7~ ^ 



6l. 

When you lift an object off the ground 
wtot are you doing to the object? 
.^PLYING A FORCE TO TT . 



O 

EKLC 










A 



n 



iO](IXi:TI01IAL BBSUL!D3 



n 



1 

SuiMUEy of AzuOytls of Vkrlanct 
for the Matching of Si for: 
Otis IQ “ 



SOUKCE OF 
VAR Ur ION 



1 

2 

3 

12 

13 

21 • 
123 

WITHIN 

rUTAL 



DEGREES OF 
FREEDOM 



replicates 



48 

55 



fl 



SUNS OF 


MEAN 




SQUARES 


squares 


•» 


.28571 


.28571 


.01 


2162.57156 


2162.57156 


5^.06<hh( 


.28571 


•28571 


.01 


10.28571 


10.28571 


.26 


.28571 


.28571 


.01 


.28571 


.28571 


.01 


' .28528 


.28528 


.01 


1925.42836 

4099.71375 


40.11309 



I 



f 

! 






Sable 2 




Summary of Analysis of Variance 
for the Matching of Ss for: 
Work Rate "* 


SOURCE QF 
VARIATION 


DEGREES OF 
FREEDOM 


SUMS OF 
SQUARES 


MEAN 

SQUARES 


F 


1 

2 

3 

12 

13 

23 

123 

WITHIN. REPLICATES 
TOTAL 


1 

1 

1 

1 

1 

1 

1 

48 

55 


4.01786 

.01786 

270.16072 

.87500 

1.44643 

.44643 

.01182 

239.99998 

516.98208 


4.01786 

.01786 

270.16072 

•87500 

1.44643 

.44643 

.01782 

5.00000 


.60 

•00 

54.03<«h* 

.17 

.29 

.09 

.00 







Significance levels: * ■ , 05 ; ** ■ .01; « .001. 
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mi 








Suamry of AMOyiiii of Variance 
for the Matching of Ss for: 
I^eteat Scores"" 



SOURCE OF 
VARIATlOf< 



degrees OF 

fregooh 



Sums of 
Squares 



MEAN 

SQUARES 



1 

2 

3 

12 

13 

23 

123 

WITHIN REPLICATES 

total 



48 

55 



7.87500 

75.44643 

3.01766 

.44643 

1.44643 

7.87500 

.87495 

619.99993 

716.98202 



7.87500 

75.44643 

3.01786 

.44643 

1.44643 

7.87500 

.87495 

12.91667 



!Dable if- 



Summary of Analysis of Variance: 
Pofittest - Archimedes' Principle 



SOURCE OF 

variation 



DEGREES OF 
FREEDOM 



SUMS OF 
SQUARES 



MEAN 

SQUARES 



1 

2 

3 

12 

13 

23 

123 

WITHIN REPLICATES 
TOTAL 



1 

1 

1 

1 

1 

1 

1 

46 

55 



31.50000 

40.28571 

2.57143 

31.50000 

.07143 

7.14286 

12.07143 

400.5T137 

533.71423 



31*50000 

48.28571 

2.57143 

31.50000 

.07143 

7.14286 

12.07143 

8.34524 



.60 

5 . 81 * 

.23 

.03 

.11 

.61 

.07 



3.78 

5.79» 

.31 

3.78 

.(XL 

.66 

1.45 










IDable 5 



Sunnary of Analysis of Variance: 
Retention gteat ~ Archimedes* Principle 



SOUftCc OF 
VARIATION 



DECREES OF 
FREEOUM 



SUMS OF 
SQUARES 



MEAN 

SQUARES 



1 

2 
3 

12 

13 

23 . 

123 

within replicates 

TOT^L 



A8 

55 



3.50000 

68.6A286 

•07143 

3.50000 

1.78571 

8.64286 

5.78569 

439.42852 

531.35706 



3.50000 

68.64286 

.07143 

3.50000 

1.78571 

8.64286 

5.78569 

9.15476 



.38 

7.5^ 

.01 

.38 

.20 








Ibrble 6 



Summary of Analysis of Variance: 
Posttest - Bernoulli's Erlnclple 



SOURCE OF 
VARIATION 



degrees of 

FREEDOM 



SUMS OF 
SQUARES 



MEAN 

SQUARES 



P 



1 

2 

3 

12 

13 

23 

123 

WITHIN REPLICATES 

total 



48 

55 



56.01786 

95.16071 

62.16071 
•44643 

7.87500 

.44643 

85.0W82 

1019.42847 

1328.55342 



58.01786 

95.16071 

62.16071 
•44643 

7.87500 

.44643 

85.01782 

21.23809 



2.73 

4.47# 

2.92 



.02 

•37 

.02 

4.00 



OJable 7 

Summary of Analysis of Variance: 
Retention Test - Bernoulli’s Erincijae 



SOURCE OF DEGREES OF 

VARIATION FREEDOM 



1 

2 

3 

12 

13 

23 

123 

WITHIN REPLICATES 
TOTAL 



i 

I 

I 

1 

1 

1 

1 

AS 

55 



SUMS OF 


MEAN 




SQUARES 


SQUARES 


T 


AA.6A286 


44.64286 


1.70 


265.78571 


265.78571 




73.1A285 


73*14285 


2.78 


12.07U3 


12.07143 


M 


A.571A3 


4.57143 


.17 


4.57143 


4.57143 


.17 


151.14281 


151.14281 


5.7^* 


1248.28551 


26.00595 




1804.21402 


■ Oifc# 





Table 8 

Summary of Analysis of Variance: 
Work Rate - Archimedes ’ Principle 



SOURCE OF DEGREES OF 

VARIATION FREEDOM 



SUMS OF MEAN 

SQUARES SQUARES P 



1 1 

2 1 

3 1 

12 1 

13 1 

23 1 

123 1 

WITHIN REPLICATES AS 
TOTAL 55 



66.44642 


66.44642 


6 . 05 * 


6.44643 


6.44643 


.59 


111.44642 


111.44642 


10.l4<w- 


.87500 


.87500 


.08 


.44643 


.44643 


.04 


15.01785 


15.01785 


1.37 


.01785 


.01785 


.00 


529.14281 

729.83920 


11.02361 








/ 




TkO)le 9 



Suonary of Analysis of Variance: 
Work Rate - BemouUi's Principae 



SOURCE OF DECREES OF 

VARI AT lOM FREEDOM 



1 

2 

3 

12 

13 

23 

123 

MITHIM REPLICATES 
TOTAL 



A8 

55 



SUMS OF 
SQUARES 



335.16071 

33.01785 

75.646A3 

62.16072 

2.16072 

1.44643 

30.01775 

856.57130 

1397.98169 



MEAN 

SQUARES 



335.16071 

33.01785 

75.44643 

62.16072 

2.16072 

1.44643 

30.01775 

17.88690 



F 



18.771HW 

1*85 

k, 2» 

3.W 

.12 

.08 

l. 68 




I 

I 

I 
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HEAT» 



1 . 

As an object gets hotter, its 
molecules start. to move faster. 

When you heat a pan of water on 
the stove, the speed of the water 
molecules steu*ts to 

Increase decrease 



X 



2 . 

When you toast a marshmallow in a 
fire, the molecules of the marshmallow 
will start moving 

slower faster 



X 

However, when you blow on the 
marshmallow and make it cooler, 
the molecules start to move 

slower faster 



X 



3 . 

Since, when an object is heated, 
the molecules move 

faster slower 



X 

you know that \dien something feels 
very hot, the molecules are 

very far apart moving very fast 
X 



k. 

Bie ten5)€rature of an object is related to 
the speed of its molecules. 

How hot a cup of coffee feels depends on 

how fast the how big the 

molecules of molecules of 

coffee are moving coffee are 

X 



5 . 

How warm the air outside feels depends on 

how close together 

the molecules how fast molecules 
of air are of air are moving 

X 



6 . 

Make up a sentence using of the words 
below. Add any other words that you need, 

molecules MOLECULES DO NOT MOVE FASTER 

move fast WHEN THEY ARE COnr.Bn . 

cooled 

7 . 

Every object is made of molecules \diich 
are always moving, 

EDIT THIS SENTENCE 

As ius molecules start to move faster, 
an object starts to feel cooler . 

If the underlined part of the sentence is 
correct, COPY it. 

If the underlined part is incorrect, CHANGE 
it , 



WARMER 



*The frames reproduced here are those which were presented to the subiects n.- 
confirmation frames after they had made their own responses, X«s are used to 
irifJ..i.cate the correct multiple choice responses, 



The way to get the molecules of an 
object to move more slowly Is to 
CCXJL IT. 



9 . 



The speed of the molecules in an 
object depends on HOW MUCH THE 
OBJECT IS HEATED. 



10 . 

An object starts to feel hotter when 
Its molecules start to MOVE FASTER. 



11 . 



Make up a sentence using all of the 
words below. 



temperature of 
an object 

molecules 



THE TEMPERATURE OF AN 
OBJECT CK)ES UP AS THE 
MOLECULES MOVE FASTER. 



After a fast-moving air moleciae has 
approached a slow-moving air molecule^ 
the slow-moving molecxile will move at 

the same speed a faster speed 

as before than before 



X 



i4. 

If a slow-moving molecvile is approached 
by a fast-moving molecule, the slow-moving 
molecule will move 

faster no faster 

than before than before 



X 

But, idien it is approached by another 
slow-moving molecule, the slow-moving 
molecule will move 

faster no faster 

than before than before 



X 



12 . 

A slow-moving molecule 1^dllch comes 
near another slow-moving molectile 
will not Increase the speed of the 
slow-moving molecule. 

However, a fast-moving molecule 
that comes near to a slow-moving 
molecule makes the slow-moving 
molecule move 

no faster faster 
than before than before 



X 



15 . 

When a slow-moving gold molectile comes 
near another slow-moving gold molecule, 
the speed of the second molecule will 

stay the same 

as before Increase 



X 



i6. 

A slow-moving molecule can be speeded 
up only when it is approached by 

another slow-moving a fast-moving 

molecule molecule 



r 






iil 



% 






I 

I 

I 

I 

I 

I 

1 

I 
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17. 

A slow-moving molecule starts to 
move faster than before if it is 
approached by 



a fast-moving 
molecule 



another slow-moving 
molecule 



A slow-moving molecule continues to 
move slowly when it is approached by 

another slow-moving 
molecule 



a fast-moving 
molecule 



X 



18. 

Draw lines connecting each sentence 
on the left side with the sentence 
on the right side which tells what 
happens . 



1 . 

A slow-moving molecule 
is approached by 
another slow-moving 
molecule. 

2 . 

A slow-moving raolectCLe 
is approached by a 
fast-moving molecule. 




e slow-moving 
'molecule starts 
to move faster. 



The slow-moving 
molecule continues 
to move at the 
same speed. 



19. 



EDIT TECS SENTENCE 



A slow-moving molecule starts to 
move faster if it is approached by 
another slow-moving molecule . 

If the underlined part of the sentence 
is correct, COPY it. 



If t' Q underlined part is incorrect, 
CHANGE it.' 



A FAST-MOVING MOLECULE 
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m- 



20. 

Make up a sentence using all of the words 
below. 

a slow-moving A SLOW-MOVINQ MOLECULE 

moT eciii p 

APPROACHED BY A SLOW-MOVING 

approached by MOLECULE CCTfTINUES TO MOVE 
continues to 
move slowly ■ ■ 



21 . 

What happens to a slow-moving sugar 
molectile when a fast-moving sugar molecule 
comes close to it? 

IT STARTS TO MOVE FASTER. 



22 . 

A slow-moving molecule will start moving 
faster than before \dien a fast-moving 
molecule 



stays far away 



comes near it 



X 



23. 

In order to make a slow-moving molecule 
move fasi*er than' before, a fast-moving 
molecule has to 



approach the slow- 
moving molecule 



move away from the 
slow-moving molecule 



X 



A 



* 



unt 4. 



24 



A fast-moving molecule makes a slow- 
moving molecule move faster* 

EDIT ms SQfTEKCE 

A slow-moving molecule will move 
faster vdiether or not the fast- 
moving molecule cones near ltT ~ 

If the underlined part of the sentence 
is correct, COFf it. 



If the underlined part is incorrect, 
CHANGE it. 

ONLY WHEN A FAST-MOVING MQLECULE COMES 
NEAR IT. ” ” 



25. 

A slow-moving molecule starts to move 
faster only if A FAST-MOVING MOLECULE 
COMES NEAR IT . 

26. 

At Jim’s peu^ty, 20 people were crowded 
into a sma.11. room* 

At Bob's party, 20 people were spread 
out in a large room. 

People bxamped into each other more 
often at 

Jim's peirty Bob's party 



X 



27. 

Five hundred ceirs eire crowded together 
on a section of the highway. 

In one hour's time, 

Piany cars come near only a few cars 
each other come near each other 



X 

However, if the 500 cars are spread far 
apart on the highway, the cars come near 
each other 

many times only a few times b-4 



2t. 

Many boys are playing tag on a small 
playground. Because the boys are spaced 
close together, the boys move near one 
another 

very often not very often 



X 

Molecules that are packed closely together 
also move near each other 

very often not very often 



X 



29. 

A bottle of water contains more molecules 
than a bottle filled with air. Kierefore, 
we know that the water molecules are spaced 

closer together farther apart 

than air molecules than air molecules 



X 

and therefore we also know that, con^jared 
to the air molecules, the water molecules 
come near each other 

more frequently less frequently 



X 



30. 

Because copper molecules are closely packed, 
they come near each other 

very often not very often 



X 

Water molecules, however, are more widely 
spaced. Therefore, water molecules approach 
each other 

very often not very often 



X 



X 



mmm 



31 . 

Bie molecules that make up a metal 
knife are packed tightly together. 
In one second, the molecules come 
near each other 

only a few times many times 



X 



34. 

Hie molecules in a silver fork are spaced 
close together. 

EDIT THIS SFINTBNGE 

The silver molecules do not approach 
each other very frequently . 

If the underlined part of the sentence 
is correct, COPY it. 



32. 

Molecules of water are spaced farther 
apart than molecules of metal. 

Therefore, in a glass of water, the 
molecules approach each other 

more often not as often 



X 



33. 

Write 1 under the substance whose 
molecules approach each other most 
often. — — 

Write 3 under the substance whose 
molecules approach each other least 
often. — — 

Write 2 under the remaining substance. 

gold molecules, alcohol molecules, 

spaced very close spaced 

together modex’ately far apart 



1 2 

oxygen molecules, 
spaced 

very far apeu*t 



3 



If the underlined part is incorrect, 
CHANGE it. 

APPROACH EACH OTHER VERY FREQUENTLY . 



35. 



EDIT THIS SENTENCE 

The molecules that make up an object 
do not come near each other frequently 
if the molecules are closely spaced . 

If the underlined part of the sentence 
is correct, COPY it. 



If the underlined part is Incorrect, 
CHANGE it. 

IF THE MOLECULES ARE WIDELY SPACED 



36. 

Make up a sentence using all of the 
words below. 

frequently MOLECULES CCME NEAR EACH 
molecules OTHER FREQUENTLY WHEN THEY ARE 
spaced CLOSELY SPACED. 



37. 

A flask of ojqrgen gas contains molecules 
that are very for apart. As the molecules 
move around in the flask, what happens to 
the molecules? 
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THEY APPROACH EACH OTHER VERY INFREQUENTLY. 



How frequently the molecules that 
make up an object come near each 
other depends on HOW CLOSELY PACKED 
THE MOLECULES ARET 

39 . 

When heat travels through an object, 
we say that heat is conducted. 

When a pot is on the stove, we say 
heat is conducted if 

heafgoes throu^ heat stays only in 
the pot and the the bottom of the 
handle gets hot pot near the flame 



X 



4o. 

A short time after you heat one end 
of a silver wire, 

the rest of the wire only the wire near 
also gets hot the heat gets hot 



X 

Therefore, 

heat travels quickly heat does not travel 
through silver through silver 



X 



41 . 

We say that a bar of gold conducts heat 
because, when you apply a flame to one 
end of the bar, 

heat stays in the heat spreads through 
end near the flame the bar 



A metal spoon is a good conductor of heat. 
If you apply a flame to one part of a 
spoon, 

only that part all of the spoon 
gets hot gets hot 



X 

However, if heat is applied to one part 
of a tube of water, which is a poor 
conductor of heat, 

only the heated all of the water 

part gets hot gets hot 



X 



43 . 

When heat spreads quickly through an 
object, we say the object is a good 
conductor of heat. 

Because heat travels slowly through water, 
water is a 

good conductor poor conductor 
of heat of heat 



X 



44 . 

Heat travels very slowly through alcohol. 
Therefore, we say cdcohol is a 

poor conductor good conductor 



X _ 

However, heat goes through a metal bar 
■from one part to another very quickly 
because metal is a 



poor conductor 



good conductor 



45 



EDIT ims SENTENCE 

When one peirt of a tube of air is 
heated, the rest of the air stays 
cool. Iherefore, ve say that air 
is a good conductor of heat . 

If the vinderlined part of the sentence 
is correct, COPY it. 



If the underlined peirt is incorrect, 
CHANGE it. 

IS NOT A GOOD CONDUCTOR OF HEAT 



U6. 

EDIT THIS SENTENCE 

We say heat is conducted when you heat 
one part of an object and the rest of 
the object stays cool . 

If the underlined part of the sentence 
is correct, COPY it. 



Heat travels very slowly through a piece 
of asbestos. Therefore, we say that 
asbestos is A POOR CONDUCTOR OF HEAT . 

49. 

What do we meEin by conduction? 

HEAT TRAVELS THROUGH AN OBtlECT . 

50. 

Give an example of an object which is 
a poor conductor of heat, and tell what 
happens to the object when you apply 
heat to part of it. 

Yovoc example can be any object which is 
a poor conductor of .heat, for instance, 
asbestos, air, etc. When you apply heat 
to part of it, ONLY THE HEATED PART GETS 
HOT. — _ 



If the underlined peirt is incorrect, 
CHANGE it. 

HOT 



47. 

Make up a sentence using all of the words 
below. 

heat is conducted HEAT IS CONDUCTED 
travels WHEN HEAT TRAVELS 

from one end FROM ONE END OF AN 

OBJECT TO THE OTHER 
ENO . 



51. 

When heat is applied to the left side of 
a metal bar, the molecules at the left 
side start to move faster. Therefore, 
the left side 

starts to feel continues to feel 

hotter the same as before 



X 

The right side of the bar will start 
to feel hotter, also, when the molecules 
at the right side 

start to move 
faster 
than before 



continue to move 
the came 
as before 



X 
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52. 

When heat is applied to one part of a 
metal object, the molecules of that 
pert start to move 

faster slower 



X 

They approach the slow-moving molecules 
next to them and make them 

start to move stay the same 

faster speed as before 



X 



55 . 

EDIT THIS SENTENCE 

When part of an object is heated, 
the heated molecules do not increase 
the speeds of the molecules nearby . 

If the underlined part of the sentence 
is correct, COPY it. 



If the underlined part is incorrect, 
CHANGE it. 

THE HEATED MOLECULES DO INCREASE THE 
SPEEDS OF THE MOLECULES NEARBY. 



53 . 






56. 

The molecules at one end of a metal wire 
do not move all the way to the other end 
of the wire, but they can still change 
the speeds of the molec\iles at the other 
end of the wire. Explain how. 



The fast-moving molecules in Area =§=1 
approach the molecules in Area jf^, 

Ihe molecules in Area =jf^ 

start to move stay the same speed 
faster as before 



THE MOLECULES AT THE HEATED PART MOVE 
FASTER AND MAKE THE MOLECULES NEXT TO 
THEM MOVE FASTER. AND THEY MAKE THE 
MOLECULES NEXT TO THEM MOVE FASTER. AND 
SO ON, UNTIL ALL THE MOLECULES MOVE 
FASTER. 



X 

Therefore, Area feels 
the same as before hotter than before 



X 



54. 



A?1 



57. 

The bottom of a metal pan-i'j heated on 
the stove. At first only the molecules 
of the bottom start to move faster, but 
then the fast-moving molecules 



do not affect 
any other molecules 



make the slow-moving 
molecules next to them 
move faster 



X 



ter the fast-moving molecules in Area #1 
make the molecules in Area #2 start to 
move faster, the fast-moving molecules 
in Area =§2. 



When fast-moving molecules moke slow- 
moving molecules move faster. 



heat travels 
tlu’ough the pan 



heat stays only in 
the bottom of thie pan 



have no effect 
on Area jj^3 molecules 



approach the molecules 
in Area and 
moke them move faster 



X 

Therefore, Area #3 feels 
the same as before hotter than before 









■a 



58. 

The top of a metal pole is heated. 

Hie molec tiles at the top start to move 
faster . 

VRien the fast-moving molecules at the 
top make the molecules next to them 
move faster, 

heat stays only heat is conducted 
in the top through the 

of the pole pole 



X 



59. 

If heat is applied to the left aide of 
a metal bar, the right side gets hot in 
a little \diile because 

the heated molecules the heated molecules 
meike the others move move to the other 
faster side 



X 



62. 

A flame is applied to one end of a metal 
spoon. Explain fully how heat gets 
conducted through the spoon. 

HEAT MAKES THE MOLECULES NEAR THE FLAME 
MOVE FASTER. AND THESE MOLECULES MAKE THE 
SLOW-MOVING MOLECULES MOVE FASTER. 



63. 

Because copper molecules are spaced close 
together, a fast -moving copper molecule 
can come near 

many slow-moving only a few slow-moving 
copper molecules copper molecules 



X 

Hierefore, a fast-moving copper molecule 
would be able to increase the speeds of 

many slow-moving only a few slow-moving 
copper molecules copper molecules 



X 



60. 

Heat is conducted through a brass handle 
because 

fast-moving molecules 
fast-moving molecules make slow-moving 
move to the cool parts molecules move faster 

X 



64. 

Because air molecules are spaced very far 
from each other, a fast-moving air mole- 
cule can approach 

many slow-moving only a few slow-movint 
air molecules air molecules 



X 



61. 

Make up a sentence 
below. 

heat is conducted 
fast-moving molecules 
near the heat 



using all of the words 

HEAT IS CONIXJCIED 
WHEN FAST-MOVING 
MOLECULES NEAR THE 



Therefore, a fast-moving air molecule 
could speed up 

many slow-moving only a few slow-moving 
air molecules air molecules 



X 



slow-moving molecules HEAT MOVE FASTER AND 

THEN MAKE THE SLOW- 
MOVING MOLECULES 



MOVE FASTER 
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65. 

When we heat one end of a bar of 
aluminum^ the molecules at that 
end move faster rifid»t away. 

Since the molecules of fLiiirai rmm are 
very close together, the fast-moving 
molecules make the slow-moving mole- 
cules move faster 

in a short time after a long time 
X 



66 . 

Water molecules are not as dose 
together as molecules of metal, 
therefore, when heat is conducted, 
fast-moving molecules make slow- 
moving molecules move faster 

more quickly less quickly 

in water in water 



X 



67. 

Write Q under the substance in 1^dlich 
the faster movement of molecules 
caused by heating spreads quickly . 

Write S under the substance in \diich 
the faster movement of molecules 
caused by heating spreads slowly . 

oxygen gas that has aluminum that has 
molecules which are moleouluu which are 
far apart close together 



8 



Q 



Write 1 under the substance in wiilch the 
faster movement of the molecules caused 
by heating spread fastest . 

Write 3 under the substance In which the 
faster movement of the moleciaes spreads 
slowest . 

Write 2 under the other substance, 

milk molecules air molecules 

which are far which are very 

apart far apartT"^^ 



2 3 



lead molecules 
which are very 
close together 



1 



69. 

Heat is conducted when fast-moving 
molecules make slow-moving molecules 
move faster. Hierefore, heat is 
conducted slowly thi’ough oxygen gas 
because oxygen molecules are 

close together far apart 



X 

Heat is conducted quickly tlirough copper 
because copper molecules are 

closely spaced widely spaeod 



X 



70. 

Gllvor conducts heat fas tost bucausu silver 
molecules are very 

close together far ai>i»rt 

X 

Air conducts heat olowust ljOGra;oe air 
molocelos are very 

close together 



far ai>art 



71 



EDIT THIS SENTENCE 

An object conducts heat quickly if 
it has widely-spaced molecules . 

If the underlined part of the sentence 
is correct, COPY it. 



If the underlined part is incorrect, 
CHANGE it. 

CLOSELY-SPACED MOLECULES 



72. 

EDIT THIS SENTENCE 

An object with widely-spaced molecules 
conducts heat slowly because the 
faster movement caused by heat spreads 
quickly . 

If the underlined part of the sentence is 
correct, COPY it. 



If the underlined part is incorrect, 
CHANGE it. 

THE FASTER MOVEMENT CAUSED BY HEAT 
SPREADS SLOT^ “ 



73. f 

•! 

Why does an object with closely-spaced ] 

raolecToles conduct heat fastest? 

THE FASTER MOVEMENT FROM HEATING 
SPREADS QUICKLY . 

I 

74. 

How fast an object conducts heat depends 
on HOW CLOSE THE MOLECULES ARE. 

« 

’ ^ 



C 



SURFACE TENSION^- 



1 . 

If W6 place a needle in the center 
of water, it will 

sink float 

X 

But, if we place a needle on the 
surface of water, it will 

sink float 



4 . 

Make up a sentence using ^ of the words 
below. Add any other words that you need, 

razor blade A RAZOR BLADE SINKS IN 

center of water THE CENTER OF WATER. BUT 

surface of water FLOATS ON THE SURFACE 

OF WATER. 



X 



2 . 

A razor blade will float if it is 
placed 

on the surface in the center 

of the water of the water 



X 

A razor blade will sink if it is placed 

on the surface in the center 

of water of water 



X 



3 . 

EDIT TECS SENTENCE 

A needle floats on water vdien it is 
placed beneath the surface . 

If the underlined part of the sentence is 
correct, COPY it. 

If the underlined part is incorrect, 
CHANGE it. 

ON THE SURFACE 



5 . 

At the top of all liquids there is a 
thin film called the surface film. 

If we place a razor blade on water, the 
surface film 

supports it lets it sink 



X 



Although a needle is heavier than water, 
it floats because there is a surface film 
holding it up at the 

top of the bottom of the 
liquid liquid 

X 



7 . 

A bug can "skate” across the top of 
water because it is 

supported by a pulled down by 

surface film the surface film 



X 



*a4ie frames reproduced here are those which were presented to the subjects as 
confirmation frames after they had made their own responses. X's are used to 
indicate the correct multiple choice responses. 
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8. 



EDIT THIS SENTENCE 



A hairpin floating on top of water 
is not supported by the surface film. 



If the underlined part of the sentence 
is correct, COKf it. 



If the underlined part is incorrect, 
CHANGE it. ' 



IS SUPPORTED BY THE SURFACE FILM. 



9* 



Complete this sentence. 



A razor, blade does not sink because 
IT IS SUPPORTED BY A SURFACE FILM. 



10 . 



When you stand on a tran^oline, the 
trampoline 

bends 



remains stiff 



X 



When you Jump off the trampoline, the 
trampoline 



gets straight 
again 



still remains 
bent 



X 



11 . 



!Ibe surface film acts like a trampoline, 
When you place a razor blade on it, the 
surface 



bends 



remains stiff 



X 



When you remove the blade, the 
surface 



gets streiight 
again 



still remains 
bent 



X 
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12 . 



Because the surface film bends, we could 
describe it as acting like a 



sheet of rubber sheet of steel 



Ihat is, the surface film supports things 
because it bends and 



breaks easily 



does not breeik 



13. 



A paper clip floats on top of the water 
because there is a surface film which 



bends but 
does not break 



bends and 
breaks easily 



l4. 



EDIT THIS SENTENCE 



When you touch mercury with a pin and 
then release the pin, the surface gets 
straight again because the surface 
film bends and breaks easily . 



If the underlined part of the sentence 
is correct, COPY it. 



If the underlined part is incorrect, 
CHANGE it. ' 



_S^ACE FILM BENDS AND DOES NOT BREATf mflgrr.v 



15, 



Make up a sentence using all of the words 
D0JLov • 



razor blade A RAZOR BLADE FLOATS ON WATER 

.^CAUSE THE SURFACE Fm BENDS 
break easily BUT DOES NOT BREAK EASTT.V. 



1 



If 

t 



I 









21 . 



What will happen to a paper clip 
if we put it on top of a liquid? 
Explain why. 

THE PAPER CL IP WTT.T. -bt. qat BECAUS E 
XT IS SUEPORIED BY A SURFAnB WTT.M 
WHICH BENDS BUT DOES NOT BREAK.""" 



If you smear water on a table top, the 
±ilm of water you leave on the table will 

shrink spread out 

X 



A child blows a soap bubble. 

When the child stops blowing, 
the air escapes and the bubble 

stays the same gets smaller 
X 



22 . 

When there is a thin film of water on a 
waxed automobile hood, the part which 
dries first is the 

outer edge center of 

of the film the film 



V 



18 . 



When you stretch a rubber band it 
gets bigger stays the same shrinks 




JL 

But, when you let go of a rubber bamd 
It 

gets bigger stays the same shr inks 
, X 



19. 

Just like when you let go a rubber 
band;, or idien you let air-^out of a 
bubble, the surface filji of a liquid, 
tends to 

shrink stay the same' spread out 



23. 

When there Is a film of water on an 
automobile hood, the outer edt^e of the 
film dries first because the film of water 

shrinks and spreads out 

gets smaller and gets bigger 



X 



2k. 



If you wet an area with water, , the water 
shrinks and gets smaller because the 
surface fiOjn pulls the water 



in toward the 
center 



out toward the 
edges 




1 



X 



20 . 



Tbe surface filr.^ of a liquid does not 
stay the same f/ize, rather it tends to 

shrink spread out 

X 
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25 . 

EDIT THIS SENTENCE 

When you wash a blackboard, the film 
of water on the board tends to 
get bigger . 

If the underlined part of the sentence is 
correct, COPX it. 



If the underlined part is incorrect, 
CHANGE it. ' 



11 

3 

3 

i) 

fl 



GET SMALLER (SHRINK). 



/ 



26 . 

3he surface film on top of the vater in 
a glass acts the same as the film of 
water on a blacKboard. 

EDIT THIS SENTENCE 

Vtoen water is in a glass, the surface 
fjjji on the top of the wat ^ does no*? 
ge t smaner T ~~ —— — 

If the underlined part of the sentence 
is correct, COPY it. 



If the luiderlined part is incorrect, 
CHANGE it. " 

SURFACE FZm ON THE TOP CF THE 
WATER DOES GET flMAT.T.TTO. — 



27. 

Make up a sentence using all of the 
words below. 

surface film THE SURFACE PITM 

stay the same sisze OP A LIQ.DID DOES NOT 

shrinks STAY THE SIAMB 

BUT SHRINKS. 



28 . 

If you spread a film of water on the 
roof of a car, what will happen to 
the film of water? 

THE WATER SHRINKS AND GBTR .gMAT.T.TO 



29. 

If you wet a 10-inch circular area 
with water, the circle of water would 
become a 

12 -inch circle 8 -inch circle 

of water of water 



X 



30 . 

A jMignet pulls particles of steel toward 
Xu because bho 

attracts steel ' repels steel 
X ” 



31 . 

Just like a magnet, water molecul.es are 
pulled together because they 

attract each other repel each other 
X 



32 . 

If two wa;fcer molecul.es attract each other 
they will 

move together move apart 

X 



33. 

The molecules in a liquid attract each 
other, therefore, they 

cling together move apart 

X 



34. 

The molecules in a liquid cllr.g together 
because they 

attract each other repel each other 
X 



Ebqplain idiy you chose that answer. 
LIQUID TENDS TO SHRINK. 
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35 . 



EDIT THIS SENTENCE 

BecatuSe liquid molecules attract 
each other, they tend to move 
apart. 

If the underlined part of the sentence 
is correct, COPY it. 



If the imderlined part is incorrect, 
CHANGE it. 

MOVE TOGETHER (CLING TOGETHER} . 



36. 

Make up a sentence using all of the 
words below. 

because water BECAUSE WATER MOLECtlT.RH 
molecules 



attract 
move apart 



ATTRACT EACH OTHER, THEY 
DO NOT MOVE APART. 



A molecule in the center of a glass of 
milk has molecules 



only 
above it 



only 
below it 



all around it 



A molecule on the surface of a glass of 
milk haa no liquid molecules 

below it beside it above it 



X 

But, it does have liquid molecules 

on all sides 
except the top 



on all sides 



A molecule in the center of a liquid is 
attracted by the molecules 

all around only from the top 



X 



Because there are no liquid molecules 
above it, a molecule on the surface of 
water is attracted in all directions but 



not down 



not up 



not sidewards 



X 



A molecule on the stirface of a liquid is 
only attracted sidewards and downwards 
because there are no liquid molecules 



below it 



above it 



X 



Put X's below all the answers that tell 
in how many directions a molecule on the 
surface of a liquid is attracted by the 
other molecules. 

sidewards upwards downwards 



EDIT THIS SENTENCE 

The molecules at the surface of a 
liquid are being attracted in an 
directions . 

If the underlined pecrt of the sentence is 
correct, COPY it. 



If the underlined part is Incorrect, 
B -16 CHARGE it. 

SIDEMARD 8 AND D0WNKARD6 BUT NOT UP 



O 

ERIC 






iia 



44 



Make up a sentence using aU. of the words 
below. 

surface molecules S URFACE MOLECULES AEtB 
attracted ATIRACTED SIDEWARD AWD 

upward direction DOWNWARD BUT NOT IN AN 

UPWARD DIRECTION . 

45. 

Complete this sentence, 

• 

Liquid molecules at the surface are not 
attracted upward because THEEIB ARE NO 
LIQUID MO(LECULES ABOVE ” 

46 . 

When rain falls it takes the shape of 
a sphere. 

Put an X below the shape that is most 
like dripping water. 

A □ O 

X 

47. 

We speak of rain "drops” because 
liquids tend to form 

cubes cones spheres 
X 



48 . 

When a liquid shrinks it covers a 
bigger area smeller area 

X 






49. 

When liquids shrink, they cover a very 
snail area. 

Liquids form drops be' use the shape with 
the smallest area is a 

rectangle sphere triangle 



X 



50. 

If you spilled mercxary, it forms tiny 
spheres, Ihat is, the merciiry takes the 
shape with the 

largest area smallest area 



X 



51. 

EDIT THIS SENTENCE 

When water drips from a tap it 
forms spheres because a sphere 
covers the largest area . 

If the underlined part of the sentence 
is correct, COPY it. 

If the underlined part is incorrect, 
CHANGE it. 

A SPHERE COVERS THE SMALLEST AREA 

52. 

Complete this sentence. 

When liquids shrink they form a sphere 
because A SPHERE COVERS THE SMALLEST AREA. 



53 . 

When water is in a glass it has a surface 
film. Liquids also have a surface film 



when they 






form a 


are spilled on 




sphere 


the floor 


both 
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D 



54 . 

When vater is in a glass, the 
molecules at the surface are 
being atti acted 



sidewards and 
downwards 



in all directions 



When water forms a sphere, the 
molecules at the surface are stin 
being attracted 



sidewards and 
downwards 



in all directions 



55. 

When water is spilled on the floor, 
the sideward and downward attraction 
of the surface molecules causes the 
water to 



spread out and cover 
the biggest 
possible area 



shrink and cover 
the smallest 
possible area 



X 



EDIT THIS SENTENCE 

When you spill a drop of milk, the 
sideward and downward attraction of 
surface molecules causes the milk to 
spread out to the biggest possible area . 

If the underlined part of the sentence 
is correct, COFf it. 



If the underlined part is incorrect, 
CHANGE it. 

SHR3HK TO THE SMAIIiEST POSSIBLE AREA 



58. 



EDIT THIS SENTENCE 



Water on a waxed table forms spheres 
because the molecules in the surface 
film are attracted upwards and 
downwards . 

If the underlined part of the sentence 
is correct, COPY it. 

If the underlined part is incorrect, 
CHANGE it. 

SIDEWARDS AND DOWNWARDS 



II 



56. 

!Ihe surface film of a liquid always 
shrinks to the smallest spreais the 



possible area 



liquid out 



This happens because 
there is a 

sideward and downward 
attraction on 
the surface molecules 



there is no 
attraction on the 
svjTface molecules 
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59. 

Because the molecules at the surface of 
a liquid are being pulled sideward and 
downward, what happens to the liquid? 

IT SHRINKS TO THE SMALLEST POSSIBLE AREA . 
(IT FORMS A SPHERE .) 



60 . 

Make up a sentence using all of the words 
below. 



surface film 
spread out 



THE SURFACE F31M DOES NOT 
SPREAD OUT BECAUSE OP THE 



attraction of SIDEWARD AND DOWNWARD 
molecules aTORACTION OF THE MOLECULES. 



II 



1 



D 



6l. 



Vtoen you get out of a swimming pool, 
the water beads on your skin. 

i^^laln what happens to the molecules 
Wien water takes that shape. 

BECAUSE THE SURFACE MOLECULES ARE 
ATmACIED SIDEWARDS ANDIdoh nWARDR'. 

THE WATER SHRIEKS TO TOR pa MTV r:^ 
POSSIBLE SPHITOTg, — 



B-19 



visual Answer Booklet 



HEAT - DIRECT 



1 . 

Answer A 

Fast-moving 

molecules 



2 . 

Answer A 

Fast-moving 

molecules 



Answer B 

Slow-moving 

molecules 



Answer B 

Slow-moving 

molecules 



7. 

Answer A 



1 



8 . 

Answer A 



Answer B 




3. 

Answe.? A 



Answer B 



Molecule continues Molecule starts 
to move slowlyM’ to move faster* 



h, 

^swey A Answer B 

Molecule continues Molecule starts 
to move slowly**^ to move faster* 



5. 

Answer A 

Molecules 
for apart* 



An swer B 

Molecules 
close together* 



6 , 

Answer A 



Answer B 











iMt iM 
Um Miur lMf«« 



9» 

Answer A 



1 



Y trtiMdt 



tlM MU* m4 mAm 
T'ik* i«n. ir«Mr« it vt* 



10 . 

AnsT^er A 

Molecules all move 
fast at once* 



11 . 

Answer A 

Fast movement 
spreads slowly* 











1 1 


\ 






isM Urta 



Answer B 






NMt 1 






iWy la tw nlUt hurt 
Urn 

i tafer a ltra at tlw 

Witta t# tlaar UM MMt * 



Answer B 

At first only molecules 
near heat move fast, 
then it lupreads* 



Answer B 

Fast movement ’ 
spreads quickly* 



12 . 

Answer A 

Slow-moving molecules 
spaced close togethex^ 



Answer B 

Slew-moving molecules 
spaced far apart* 



^Students saw only "Answer A” and "Answer B" In their booklets, ilhe phrases are 
descriptive of vihat they caw on the screen. ^ 
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Visual Answer Booklet 



HEAT - INDIRECT 



1 . 

Answer A Answer B 

Slow pinging Past pinging 



2 . 

Answer A 



Answer B 



Fast pinging Slow pinging 



7. 

Answer A 



c_--U3U3L_QL 



8 . 

Answer A 



n 



Answer B 



o : 






I 

I 



Answer B 



3 . 

Answer A 



Answer B 



Molecule continues Molecule starts 
to move slowly* to move faster* 



4 . 

Answer A 



Answer B 



Molecule continues Molecule starts 
to move sloWly* to move faster* 



5. 

Answer A 

MoleciiLes 
far apart* 



Answer B 

Molecules 
close together* 




Answer A 






f 

^0 

VS> 



Htat travolo quickly 
through th« water 
(UKl Mito the lo«« 



10. 

Answer A 




Answer B 









^f==z 

taata to atur 
votor lK« 

^■UOM tiM le, 
to *»WU ftOMO. 



Answer B 



Molecules all move At first only molecules 
fast at once* near heat move fast, 

then it spreads* 



6. 

Answer A 




Answer B 




11 . 

Answer A 

Fast movement 
spreads slowly* 



12 . 

Answer A 



Answer B 

Fast movement 
spreads quickly* 



Answer B 



Slow-moving molecules Slow-moving molecules 
spaced far apart* spaced close together* 



*Students saw only "Answer A" and "Answer B" in their Booklets. The phrases are 
descriptive of what they saw on the screen. 
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visual iUiswer Booklet 



SURFACE TENSION - INDIRECT 




Visual Ansyer Booklet - Surface Tension (indirect) 
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visual A nswer BooKLet - Surface Tension (indirect) 
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Aeblevememt Test 



HEAT 

) 



Piter I 



1. rbe left elde of a mtal ber Is boated. Ixplaln 
the netel bw so that the rl^t side also becoMes 



heat Is coxiducted through 
>t. 



2. Different substances conduct heat differently. Sone substances conduct heat 
easily and qjiickly. Obbers conduct heat slowly or not at all. What dotemdnes 
how easily heat Is ctmductedT 



3. Describe ^ coodltlono which are necessary if the aoveaent of one aolecule 
is to change the noreaent of another molecule. 



4. 



Describe two conditions luider idilch the mownaent of one aolecule will not 
change the aoveaent of another aolecule. ““ 



5« What effect does coding an object have on the molecules that make up the c^JectT 




Achleveaent Tegt - Boat 



! 

PART n 

1 . 

a* Circle the substance idilch conducts beat the slowest* 

®®tal water air 

b* Wby does that substance conduct hdat the slowest? 



a. When one part of the substance Is heated, the nolecules at that port change 
speeds* Circle the substance In \Mch the change In speed spotreads slowest 
from molecule to molecule* ■ 



metal 



water 



air 



b* Why does It spread slowest in that substance? 



3 . 

Circle the substance In Ydilch molecules approach each other most ocften* 
natal water air 



b* Wby do molecules approach each other most often In that substance? 






* 



Achievement Test 



SURFACE TENSION 



1 . 



a. Some objects vhich are heavier than water can, nevertheless, still float 
on top of the water. How is this possible? 



b. VJhen the same objects are placed below the top of the water, tbey sink. 
What difference is there between the top of the water and the middle of 
the water? 



c. Using the word ’’molecbles” in your answer explain yhy there is a difference 
between the top and middle of the water. 



2. When it rains, in vdiat shape does rain come down? 
Explain why the rain takes on this shape. 



3 Afteip you spill some pop on your clothes, the wet spot begins to dry. Describe 
\hich part of the spot dries first and explain \diy it dries first. 



4. What causes a surface film to be formed in a glass of soda pop? 



Describe the ways in which surface films act. 
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ATOHB AMD MOLECULESi^ 
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1 . 

AU tubstanots like iron, wood, wter, 
sir, altaiiwni, etc. cwn be broken down 
into tiny piece* vhich ve call "atoM.” 
AfioM are 

the aaallest piece* the largest piece* 



^ ^ ^ ex 

oyvkKK 

Which exaiqd** have the 
of atonsT 

1&2 143 2&3 



MVPkofciiqr^^P^ 









2 . 









Ihe picture ahow* the aton* that up 
•alt. Salt i* B»de up of 



one kind 
of aton 



two kind* 
of atoms 



3. 



jT^ 

,99 



t -OKY^SH 



CAtbON 

Carbon dioxide 1* made up of 
(a) 1 atom 2 aton* 3 atom* 



(b) oocygen carbcax oxygen and carbon 
atom aton* atom* 



(c) one kind 

(d) 



one. 

carbon atom 



X 

two kind* 



two 

carbon atom* 



Which exBHqples have the mum kind# of atoasT 
143 243 



S 



|A-0X.V46N 
4— CAM.BOK 

CARBON 

MOMOXIDE 



CWRSftM 

i>iox.ti>g 



dCN 



Hhe two gases carbon monoxide and carbon 
dioxide are different because they have 



different kinds 
of atom* 



different number 
of aton* 

X 



Ubey are s iml lsr because they have the 



same kind* 
of atone 



same nuaiber 
of atoms 



*0he db:«mes reproduced here are those which were presented to the *vibjects as 
confirmation frames after they had made their own responses. X's are used to 
Indicate the correct multiple choice resp<nise*. 
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<r*l2) 

*^ ^ATg/? 

EDIT THIS SENTENCE 

Substances arc made up of onl y one v^T^«^ 
of atom * 

If the underlined part of the sentence Is 
correct, COEf It. 



If the imderlined part Is Incorrect. CHANCffl 
it. 



9. * 

Atoms Join together and form tiny clumDo. 
called molecules. 

An atom Is part A molecule Is 
of a molecule part of an atom 

X 

10 . 

since atoms Joined together make up 
molecules, ve can say that 



SUBSTANCES ARE MADE UP OP DDTTIRENT KINDS 
^ 



✓OXV«M 



a. 




/4-CN(tBoh| 

CflUBON DIOXIDJ; 

EDIT THIS SENTENCE 



♦*“rtVDlt0d6A(, 

OXV4CN 

)mrEBi 



Substances a re made us of the same 
namsber of atoms . ~ ' 

If the \mderllned part of the sentence Is 
correct, CQPI It. 



a molecule contains an atom contains 
one or more atoms one or more molecules 



11 . 



o>cycsn 



% 



Ohe molecule In this picture Is 

the vhole clunip 

of circles a smaller circle 



If the underlined ]part Is Incorrect. 
CBAHCOS It. 

ggff^NOBS ARB MADE UP OOP DIFFERENT 

SIMEte d AStd»i67 



8. 



•^OX^tSK 




CAR50M CM OXIDE Y/ATER^ 

Ihere is a difference between carbon dloocld 
and water. 'Make up a sentence using the 
words below telling what' the difference Is . 



CARBON DianPE AMD WATER ARB 
PIFfEHEHT BBCADBB THE! ARB MADE 
UP or A DIBFERKHT NUMBER OT ATOMS 
AMD or DagERENT KPIDS 0(P ATOMS. 



12 






« 



If the big clump Is a 
circles are ATOMS. 



molecule, the small 





HP 



HVo<2o 



6ft 



'OKVdBH 



This picture shows the smallest j^tlcles 
In a drop of water. ^ atoms are the 



small circles groups of circles 

X 

The molecules are the 



clumps of circles smaller circles labelled 
B-32 labelled "water” "hydrogen” and "oocygen” 



X 






inHii 



mmm m 



mmm 



I 

I 

I 

I 



H 



Ik. 

SDIT THIS SENTENCE 

A molecule contains one or more atomB . 

Xf the underlined part oT the sentence is 
correct, COFY It. 

A MOLECULE CCMTIAIKS OHE OR MORE ATOHS . 

St the underlined part Is Incorrect, 
CHANGE It. 



Holecule of Rust Molecule of Iodine 

(^iObyns 

Study these pictures of molecules. You 
ctm tell that 

rust Is an Iodine Is an 
element element 

X 



15. 

Atoms of chloride Joined with atoms of 
sodium make salt. Hor«ever, atoms of 
chloride Joined with atoms of hydrogen 
make a gas. Salt and the bblb are 
different because they are made up of 

the same atoms different atoms 

Joined together Joined together 



19. 

Because salt can be broken down Into two 
kinds of atoms, we know It Is 

not an element cm element 



X 



X 



16. 

Sone things, called elements, are made of 
only one kind of atom. Gold Is an element; 
It is made up of 

one kind different kinds 
of atom of atoms 



X 

Therefore, gold is made up of 

only gold atoms and 

gold atoms other kinds of atoms 



X 



17. 

Iron is an element.. If we broke iron into 
its smallest pieces, we would find many 
atoms but they would be 

different 
of atoms 



20 . 

Water Is made up of hydrogen at(»ns cmd 
oxygen atoms. Water is 

an element not an element 



X 



21 . 

EDIT THIS SENTENCE 

An element is something made up 
of different kinds of atoms . 

If the underlined part of the sentence 
is correct, COPY it. 



If the imderllned part is incorrect, 
CHANGE it. 

AN ELEMENT IS SOMETHING MADE UP OF ONLY 
ONE KIND OF ATOM. 



Just iron atoms 



22 



Make up a sentence. Include all the 
words below, and add any other words 
that you need. 

eleoent AH BLEMEiKT 13 

different kinds of 0^ 

DHTHKENT KINDS 

OF ATOMS. 



23. 

IDai an element, the atoms in each 
i^olecxile are of 

(mly one kind different kinds 
X 



24. 

A molecule of various substances can 
contain one atom or several atoms. 
Often the atoms are of a different 
kind. When the atoms are of the 
same kind we know the material is 

not an element an element 

X 



25. 

Make up a sentence, using an the 
words below. 

molecule A MOLECULE OF SILVER 
silver CONTAINS OHLY OHE ATOM. 



26 . 

Since silver is cm element, it contains 
different kinds only one k in d 



of atoms 



of atom 



Thus, the molecules in silver contain 
different kinds 

only a silver atom 



of atoms 



27. 







The picture shows a moleciae of chalk. 
By looking at the different kinds of 
atoms in the molecule we can tell that 
chalk 



is an element is not an element 
X 















Molecule of Wkter Molecule of 
Each molecule of water 



the same number 
of hydrogen atoms 
as the .other molecule 



the same number 
of oxygen atoms 
as the other molecule 



both answers 
are correct 



X 



Soth molecules of water have 



2 hydrogen 
atoms 



1 oxyesn 
atom 



both answers 
are correct 



29.«60iun^ 



c.hidAiA<6 . _ 

Molecule of ealt 



8 



"iopiotn — 

cHioje^wF— ♦ O 

Hdecule of ealt 



GSiese two molecules of salt eure the 
same because they both 



contain the 
same kinds 
of atoms 



have the same 
number of each kind 
of atom In the molecules 



both answers 
are correct 

X 

If a hydrogen atom were added to one 
of the molecules, the two molecules 
would be different because they would 
have 



a different 
number of atoms 



different kinds 
of atoms 



both a different number & 
different kinds of atoms 



V 



30. 









Obese . two molecules are s<mna.T» because 
they are mde up of 



the same kind 
of atoms 



the same number 
of atoms 



X 

Obese two molecules are different 
because they are made up of 

different kinds a different number 

of atoms of. the same kind of atom 



31 

w^e.AK.i&eN 
Carbon monokide 
molecule 







CA/CBOM 

Carbon dioxide- 
molecule 



Look at the kinds and numbers of atoms 
In these two molecules . Carbon monoxide 
and carbon dioxide are different because 
their molecules are made up of 



different kinds different jaumbers of 
of atoms the same kdbds of atoms 



X 



32. 

EDIT OmS SENTENCE 

What a thing Is depends on the 
kinds of atoms it contains a-nd 
the. number of "each kind of 
atom In the molecule . 

If the u n derlined part of the sentence 
Is correct, COPY It. 

KINDS OF AT0IM3 NUMBER CF EACfi KIND 
ATOM IN THE MOLEClSiE 

If the underlined part Is Incorrect, 
CBMGE It. 



33. 



Complete the sentence belcw using the 
words on the left to help you. 



Flour and butter molecules could be 
different for either of two reasons; 
either because 



kinds of atoms THEY CONTAIN DIEFEEtENT 



number of each 
kind of atom 



KINDS OF ATOMS or because 
THEY CCHTAIN A D3FFERENT 
NUMBER (g THE SAME KINDS 
OF ATOMS. 



34. 

!Die roMon tbat vater azid peroKlde 
ara different la beoauae aUBBT COITEAIR 
THi awn KHIDS OOP MCM8. awTm* ***^ 
HUIIBBR OF ATOMS 331 TH^ I^QLBcOB bS 



39. 

leather and silver are different substances. 
ECdwever^ the ndecules move in 

neither of these both of these 
substances substances 

X 



35. 

Althoui^ ve cannot see them^ scled^sts 
have found that the tiny molecules are 
alvays moving. Even In solid objects^ 
the molectiles are always 

moving staying still 



X 



4o. 

EDIT THIS SENTENCE 

Molecules are alvays moving nn;jy 
in some substances . 

If the underlined part of the sentence 
Is correct, COPT It. 



36. ■ 

It Is easy to imagine the molecule 
In vater moving, but It is also true 
that the molecules in a block of 
wood are also 

staying still moving 
X 



37- 

The molecules that make up the air are 
still moving 

X 



38. 

Holfifciaes move In edl substances. 
Noleculc^s are alvays moving In 

all of 

wood air tea these th j n g a 




If the underlined part. Is Incorrect. 
CHANGE It. 

IN AIL SUBSTANCES 

4l. 

Make up a sentence, using eOl the words 
below. 

molecules MOLECULES ARE A LWAYS 

always MOVINO IN AT.T. 

substances SUBSTANCES. 



Molecules are arranged, differently In 
different types of materials. Comparing 
molecules In wood and water, you can see 
that In wood the molecules are 

closer together farther apart 

X ~ 



■W.QQO. 



OQOOOO 

oooooo 

B 



o o o 

o oO 
O oOO 
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Conqparlng vettar molecules with air 
molecules^ air molecules are 

farther eLjsart closer together 



X 




LHgUtT) 
o o o 
o oo 

o 




Mark the words below 2^ 3 in 
order of the closeness together of 
the molecules . 



2 - liquid 
^ - gas 
1 - solid 




SOLl7> 



O O 

0 fK ^ 




qO O 


o 

^0 0 










In solids^ the molecules are usually 

moderately 

close together far apart very far apart 

X 

In liquids^ the molecules are usually 

moderately 

close together far apart very far apart 

X 

In gases ^ the molecules are usually 

moderately 

close together far apart very far apart 
X 



k6. 




In solids^ the molecules are usually 
CLOSE aX)GBaBER . 

In liquids p the molecules are usually 
MODERATELY TAR APART (NOT SO CLOSE TQGgrw»» ) , 

In gasesp the molecules are usually 
PAR APART. 



47. 



Look at the dxttwlngs below. TheUp depend- 
ing on how close together the molecules 
arep write In below the appropriate 
drawings with the words solid, liquid. 



QAS 



48. 

EDIT THIS SENTENCE 

The more solid a substance ISp 
the further aDart are the molecules . 

If the underlined part of the sentence Is 
correct p COPY It. 




or gas . 




If the underlined part Is Incorr^jctp 
CHANGE It. 

THE CLOSER TOGETHER ARE THE MOLECULES 
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^ 9 . 

Conpl^te tlM table beloir by putting 
cbeok aarka in the correct aquares. 



Sollda 


HQleoulea 
very far 
•part 


Nc^eculea 
aoderately 
far axart 


^ioieoulei 

oloee 

together 








Llquldi 








Qaaea 









53 . 





Hagnata can pull towarda each other or 
•way. iba oloaer they are together, the 

piNb er puU. 

Slallarly, the oloaer aoleculea are 
together, the 

■ore atrongly they leaa atrongly ther 
puah and pull puah and pull 



50 . 

Dtaorlbe the BKileculea in: 

«*■ “ WttXJfJLSS ARB FUiasgST AHUtT 

liquid - MOUDCOUS ARB MPEgRAimr TAR AHttKP 
■Olid - MOLKULIS are CLOea TOcapnap 



51 . 

Deacrlbe the aoleculea in: 

aolld iron - gjJICB IRQiriB A SOLID, ma 

g PflUm ridBWnR . 

allk 



- mttjt is a LTorrm jhb 
A ha MOPgR^r^ 

AlART . 

lo«» (M . gBCT IOPUB (M8 is a (MB. m* 

gacKULB vny MS Ariw- 



Since aoleculea In aollda are 
oloaeat together furtheat apart 

X ~~ 

aoleculea In aollda " 

puah and pull puah and pull 

•ach other the leaat each other the aoa 



55 . 

Die farther apart aoleculea are 

the leaa atrongly the aore atrongly 
they puah and pull they puah andpSl 



52 . 

Bovlng aoleculea are like children 
playing tag In a playground, alvaya 
pwhlng and poUlSHt each oSS^ 

3he olMer together they are, the nore- 
atrongly they 

puah and pull 
each other 



Oaa aoleculea puah and pull 

aore atrojigly 
liquid aoleculea 



leaa atronfly-than 
liquid aoleculea 



itay itin 




6o 



56. 



CoagplUt* tb* tablt btlov “by pubtjLng 
obMk multM In tb« oorrcet ■quKrcf. 











artMs 






• 


TJyfJa 








— 






r 



57. 

BnZT !1HIB SOmnCE 

Mitn aolnoul n i m elosMt togetbtr, 
thty with nna null thn 1— st . 

XT tht undtrlinnd jart of the aentanoa U 
oorraot, COPT It. 



If tha unterlinad part la Incotrraot. 
CBAKflB It. 

aBBf roSH AMD H)EL mt MOST 

58. 

NaKa up a aantanca^ uaing *111^ tha voorda 
baloir. 

Bolaoulaa WHBil MOLBCULIS ARE 

furthaat apart lURTHlST APART. THBf 
puah and pull HJSH AHD HILL OMC LKAST. 



59. 

Conqpara tha pulling of nolaculaa in 
hydrogan chlorlda and In annonlun 
aulf Ida . 

THE MOUSCULES Bf /mMBMi SULTISK 

m C/HUEPdM 

HBLTwgBi: 



Whan aolaoulaa ara cloaa togathar, tha 

apacaa batvaan than ara aaall. Oba 
apaoaa hatwaan. aolaoulaa ara aaallaat In a 



a olid li<mld gas 




6l. 

You vUl ranaabar that tha aolaoulaa 
puah and pull aoat vhan thay ara eloaaat 
togathar. Ohla alao aaana that tha 
aolaoulaa pwiih and pull aoat vhan tha 

apaeaa hatwaan than ara 

largaat aaallaat 

X 



62. 

^QWid cacygon la uaad In rookata. 

Okyoua oQcygan la a gaa. Coapara tha apacaa 
hatwaan U«ald axygan aolaoulaa and gaaaoua 
oxygan aolaoulaa. Bm apacaa hatwaan 
gMaoua oocygan aolaoulaa ara 



largar tha aaaa aaallar 




Bm aolaoulaa puah and pull aaoh othar aora 
In 

gaaaoua oxygan liquid oocygan 
X 



EDIT 09ZS 8BIBBICI 

Bm amount of push and pull‘aaong 
aolaoulaa dapanda on tha aaount of 
apaca hatwaan tha aolaoulaT 

Zf tha uada r llnad part of tha aantanoa. Is 
oorraot, CQEY It. 

AMotaiT or SBman BKTwnit bbi Mogangm 
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If tha undarllnad part la Inooxraot. 
CHAim It. 



64 . 



MBk* up m wntcncc, using all the 
voorde below. 



jushlng and 
pulling 

aoleoulea 

depends on 



T» AMOIIIT Of HISflIMQ iUn) 
HglJfO Alow 
IlPMn» OM gg ittICXWT (g 
SlWCl BBTWBDI TBEH, 



65. 

Molecules do nost pushing and pulling 
in a 



gss Uqiuld solid 




Uhls Is because In this substance the 
spaces between the nolecules are 

saallest largest 



X 



66 . 



EDIT THIS SBITRMCE 

The closer the nolecules are to 
each other the less they push and 
pull each other. 

If the underlined part of the sentence Is 
correct, COPY It. 



Xf the underlined pert Is Incorrect, 
CHAECBS It. 



MORE 



67. 

Hot stean Is a gas. Below, explain why 
the nolecules push and pull each other 
less In stean than In water. 



DOSSKT 



68 . 

Let's sec «diat you rensnber. 

An elensnt contains 

different kinds . poly one 

of atosM of aton 

X 

In elenents and all other naterlals, one 
or more atosw f om 

nolecules fragnents 

X 



69. 

What nakes things different Is 

only the nunbers of 
only the kinds of each kind of aton 
atons they contain In the nolecules 



both answers 
can be correct 

X 



70. 

Molecules are always 

novlng still 

X 



71. 

Molecules are usually closest together In 
solids liquids gases 

X 

Toe spaces between nolecules are usually 
largest In 

solids liquids gases 

X 
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72 . 



M61«oiil«a puah cod pull each other 
aoct vfacn 

they ere the spcocs hctWMo 
oloccst tofctbcr arc the larccat 

X 



73. 



Bclov^ write what you koow about what 
deoldea the aaount of pushing and pulling 
eaong aoleoules. 



1. TBMmxar E or hjshho aid hhuk 
Monjcaas iiwiM ang — 



2. mAMoanp Of ioranw Ai® 

Gnsak Mr iOir 



7^. 



Coeqpare how the oolecules of water push 
and pull each other: (1) at the surface 

of a pool of water and (2) In the 
Biddle of a pool of watw. 

1. M TBS OmrACE TBEX HJSH AMD FULL 

^ BismiAxS hlD fidiiMwAMg: 

2. IM THE KmDILX Of SHE FOOL. *nncy 

"sm m am. ly ail cgacwftHB. 






ASiDITIOliAL BESULTS 



Table 1 



Summary of Afialyels of Variance 
for the Matching of Sb far: 
Work Rate "" 



SOI/ACf OP 

variation 


OiOREES OP 
PREEOON * 


SUNS OP 
SQUARES 


HEAN 

SQUARES 


T 


1 

i 

3 

u 

13 
21 . 

121 

Ml THIN REPLICATiS 
TOTAL 


1 

1 

1 

1 

1 

1 

1 

SA 

AS 


•190A1 

1.515A3 

10I0.76S63 

•39063 

•01363 

i5^01563 

4.51563 

403^375d0 

1507^98A3t 


•390P1 

3.51563 
lOAO. 76561 

•39063 

•01563 

15.01563 

4.51563 
7.20313 


.05 

.49 

151.30tMHt 

.05 

.00 

2.10 

.63 


• 




Table 2 








Summary of Analysis of Variance 
for the Matching of Ss for: 
Otis IQ "* 




SOURCE OP 
VARIATION 


OE 6 REES OP 
PREEOON 


SUNS OP 
SQUARES 


MEAN 

SQUARES 


F 


1 

2 

1 

12 

11 

21 

121 

WITHIN REPLICATES 

total 


1 

1 

1 

1 

1 

1 

1 

5A 

A1 


14^ 06250 
2475.06250 
1.56250 
•25000 
49.00000 
4.00000 
3.06250, 

1530.75000 

4077.75000 


14.06250 
2475.06250 

1.56250 

•25000 

49.00000 

4.00000 

3.06250 
27.33412 


.51 

89 . 10 <hh» 

.06 

.01 

1.76 

.14 

.11 



Slgniflcmnc# level*: * « .05; » .01; « .ool 
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Table 3 

Summary of Analysis of Variance 
for the Matching of Ss for: 
Eretest Sco.res >• Beat 



SOURCE OF 
VARIATION 


DEGREES OP 
FREEDOM 


SUNS OF 
SQUARES 


MEAN 

SQUARES 


F 


1 i 

12 X 

13 1 

23 1 

123 1 

MI THIN REFLX CATES 56 

TOTAL 63 


1.56250 

20.25000 
1.56250 
5.06250 

.25000 

10.56250 

12.25000 
638.50000 
490.00000 


1.56250 

20.25000 
1.56250 
5.06250 

•25000 

10.56250 

12.25000 
7.83036 


.20 

2.63 

.20 

.66 

.03 

1.37 

1.59 










• 




Sunuiary of Analysis of Variance 
for the Matching of Ss for: 
Pretest Scores - Surface Tension 






SOURCE OF 
VARIATION 


degrees' of 

FREEDOM 


SUNS OF NEAN 

SQUARES SQUARES 


F 


1 

2 

3 

12 

13 

23 

123 

WITHIN REFLICAT6S 
TOTAL 


1 

1 

1 

1 

1 

1 

56 

63 


.06250 

2.2500C 

•06250 

.56250 

1.00000 

•06250 

2.25000 

17.50000 

23.75000 


.06250 

2.25000 

.06250 

•56250 

1.00000 

•06250 

2.25000 

•31250 


7 . 2 W 

1.60 

3.22 

.19 

7..2V** 
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TIable ^ 

Susnary of ADaJysls of Variance: 
Errors - Hsat 



SOURCE Of 
VARIATION 


DEGREES OF 
FREEOON 


SUMS OF 
SQUARES 


MEAN 

SQUARES 


P 


1 

2 

3 

12 

13 

23 

123 

WITHIN REPLICATES 

total 


1 

1 

1 

1 

1 

1 

S6 

A3 


58.14063 
172.26563 

.76563 

3.51563 

54.39063 

2.64063 

13.14063 
439.37500 
744.23438 


58.14063 
172.26563 

.76563 

3.51563 

54.39063 

2.64063 

13.14063 
7.84598 


7 . 56 »h» 

22,3ptHHt 

.10 

7.07## 





Table 6 






SuDfoary of Analysis of Variance: 
Errors - Swface Tension 




SOURCE OF DEGREES OF 

VARIATION FREEOON 


SUMS OF 
SQUARES 


MEAN 

SQUARES 


P 


1 1 

2 1 

2 1 

12 1 

19 1 

23 1 

123 1 

WITHIN REPLICATES 56 

total 63 


45.56250 

121.00000 

4.00000 

9.00000 
56.25000 

.56250 

45.56250 

464.00000 

745.93750 


45.56250 

121.00000 

4.00000 

9.00000 
56.25000 

.56250 

45.56250 

8.28571 


14.5^ 

M 

i.oe 

6 . 75 * 

•®T 

5.^7» 



i : 



Ohiae 7 

Sunary of Analysis of Variance: 



SOURCE OF 
VARIATION 


DEGREES OF 
FREEDOM 


SUNS OF 
SQUARES 


MEAN 

SQUARES 


r 


1 

2 

3 

12 

IS 

23 

123 

WITHIN REFLICATES 
TOTAL 


1 

1 

1 

1 

1 

1 

1 

56 

63 


•25000 
3*06250 
•06250 
•06250 
•06250 
•25000 
•00000 
20.00000 
23.75000 . 


.25000 

3.06250 

•06250 

•06250 

•06250 

•25000 

•00000 

.35714 


.70 

8 , 51 ** 

.17 

.17 

.17 



f V 



SOUaCE OF 
VARIATION 



DECREES- OF 
FREEDOM 



1 

2 

S 

12 

13 

23 

123 

WITHIN REFLICATES 
TOTAL 



SUMS OF 
SQUARES 



5.64063 

4.51563 

1.26563 

*76563 

.39063 

4.51563 

.01563 

77.12500 

94.23438 



MEAN 

SQUARES 



5.640^3 

4.51563 

1.26563 

.76563 

.39063 

4.51563 

•01563 

1.37723 



B-45 



o 

ERIC 



t-* I . 



% 



!DEible 9 

Summary of Analysis of Variance: 
Time - Heat 



SOUKCE OF 
VARIATION 


DEGREES OF 
FREEDOM 


SUNS OF ' 
SQUARES 


MEAN 

SQUARES 


P 


1 1 

2 1 . 

3 1 

12 1 

13 1 

23 1 

123 1 

WITHIN REPLICATES 56 

total 63 


64*0P000 
^5.56250 
529.00000 
, 64.00000 
14.06250 
1.00000 
14.06250 
2145.25000 
2876.93750 


64.00000 

45.56250 

529.00000 

■64.00000 

14.06250 

1.00000 

14.06250 

38.30804 


1.66 

1.18 

13.75<»*» 

1.66 

.37 

.03 

.36 


• 




Table 10 




• 




Summary of Analysis of Variance: 
Time - Surface Tension 




SOURCE OF 
VARIATION 


DEGREES OF 
FREEDOM 


SUNS OF 
SQUARES 


MEAN 

SQUARES 


T 


1 

2 

3 

12 

13 

23 

123 

WITHIN REPLICATES 
TOTAL 


1 

1 

1 

1 

1 

1 

1 

56 

63 


13.14063 

6.26563 

172.26563 

5.64063 

6.89063 

15.01563 

.76563 

564.37500 

786.35938 


13.14063 

8.26563 

172.26563 

5.64063 

6.89063 

15.01563 

.76563 

10.07813 


1.30 

.82 

17.05*»» 

.68 

1.49 

.08 










Table 11 

Siamary of Analyais of Variemce; 
POBttest - Heat 



SOUKCE OP 
VARIATION 


DECREES OP 
PREEOON 


SUNS OP 
SQUARES 


MEAN, 

SQUARES 


F 


i 

It 

?« 1 

WITHIN REPLICATES 56 

total 63 


.14063 

54.39063 
.39063 

26.26563 

34.51563 

21.39063 
.76563 

382.12500 

519.98438 


.14063 

54.39063 

-.39063 

26.26563 

34.515^3 

21.)^9063 

.76563 

6.82366 


.02 

8.16ih» 

.06 

3.9*>. 

5*16» 

3.21 

.11 






Table 12 








Summary of Analysis of Variance: 
Posttest - Surface Tension 




SOURCE OF 
VARIATION 


OECKEES OF 
FREEDOM 


SUMS OF 
SQUARES 


MEAN 

SQUARES 


T 


1 

2 

3 

12 

13 

23 

123 

WITHIN REPLICATES 
TOTAL 


1 

1 

1 

1 

1 

1 

56 

63 


1.26563 
147.01563 
1.26563 
•39063 
4« 31563 

3.51563 

4.51563 
418.62500 
581.10938 


1226563 
147.01563 
1226563 
. 239063 
4251563 

3.51563 

4.51563 
7.47545 


:i6 

19.014HM 
. .16 
.05 
.59 
.k6 

.59 




®able 13 



Sunnary of Analysis of Variance: 
Retention Test - Heat 




sotmcc OF otcacES of 

VARIATION FREEDOM 



SUMS OF hEAN 

SQUARES SQUARES F 



1 

2 

3 

12 

13 

23 

123 

MSTHIM REFLECATES 5 

TOTAL 63 



•14063 

70.14063 

28.89063 

4.51563 

26.26563 

47.26563 
2.64063 

776.12500 

955.98438 



•14063 
70. 14063 
28.89063 
4.51563 

26.26563 

47.26563 
2.64063 

13.85938 



.01 

5. 

2. 

• 

1. 

3. 
.19 




Table ll|. 

Sunnary of Analysis of Variance: 
Itetentlon Test - Surface Tension 



SOURCE OF DECREES OF 

VARIATION FREEDOM 



SUNS OF MEAN 

SQUARES SQUARES 



1 

2 

3 

12 

13 

23 

123 

within reflicatcs 

TOTAL 



56 

63 



2.64063 

102.51563 

1.26563 

•14063 

2.64063 

19.14063 

3.51563 

370.37500 

502.23438 



2.64063 

102.51563 

1.26563 

•14063 

2.64063 

19.14063 

3.51563 

6.61384 



•ko 

15.38*h»# 

.19 

.02 

.40 

2.^ 

.53 






